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(3) Fine pattern forming material and pattern formation process. 

@ A resist material comprising (a) a copolymer having as a functional group 
R 2 

I 4 
-O - C - OR 
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CO 
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wherein R 2 and R 3 are, e.g. C 1HJ aikyl, and R 4 is, e.g. C,.^ alkyl, (b) a compound which generates an 
acid when exposed to electron beams, and (c) a solvent, is suitable for forming a chemical-amplified 
positive-working fine pattern with high resolution and good shape. 
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BACKGROUND OF THE INVENTION 

This invention relates to a resist material used for producing patterns in semiconductor devices and inte- 
grated circuits (IC) applying electron beam lithographic technique, and to a process for forming fine patterns 

5 using such a resist material. 

In the production of IC's and LSI's, lithography using ultraviolet light has been used for forming patterns. 
With a recent demand for producing finer elements and ASIC's, electron beam lithography is used more often. 
In the formation of fine patterns by the electron beam lithography, it is inevitable to use electron beam resists. 
As the positive-working electron resists, there has mainly been used poly(methyt methacryiate) (PMMA) as 

10 a skeleton due to good resolution. But since PMMA is low in sensitivity, the sensitivity has been improved by 
a process wherein electron attractive groups are introduced into side-chains so as to easily cut main chains, 
i.e. using, for example, poly(hexafluorobutyl methacryiate), poly(2,2,2-trichloroethyl methacryiate), etc. But 
these highly sensitized PMMA resist materials do not sufficiently satisfy both the sensitivity and the resolution. 
Further, in order to obtain higher sensitivity, resistance to dry etching and heat resistance are sacrified, re- 

15 suiting in making it difficult to use as a mask for dry etching and limiting its utility. In addition, in order to develop 
the positive-working resist obtained by using a polymer of one component such as the above-mentioned im- 
proved PMMA as a base, it is necessary to use an organic solvent. When the organic solvent is used, the resist 
film often swells in the organic solvent during the development, resulting in lowering the resolving power of 
patterns, and sometimes causing deformation of patterns so as to make the patterns impossible to use. Further 

20 the use of the organic solvent as a developer is not preferable from the viewpoints of environmental pollution, 
health and flammability. 

Recently, in order to improve the sensitivity of positive-working electron beam resists, the concept of chem- 
ical amplification is introduced and there are a number of reports concerning this (e.g. H. Ito et al, SPIE vol. 
1086, Advances in Resist Technology and Processing VI (1989) p. 11 ; H. Shiraishi et al., J. Vac. Sci. Technol., 

25' B9(6), p. 3343 (1991); Japanese Patent Unexamined Publication (JP-A) No. 3-192361; JP-A 4-155344; etc.). 
These resists contain multi-component substances such as a compound which generates an acid upon exposure 
to electron beams (herein after referred to as "acid generator"), and a compound which brings about an acid catalized 
reaction by such an add, and are used as positive-working electron beam resists. As the acid generator, there are 
used triphenyl phosphonium salts, diphenyl iodonium salts, tris(trichloromethyl)-s-triazine/triethanolamine, sulfonic 

30 acid esters, etc These acid generators generate strong acids, with high volatility such as Lewis acids or sulfonic 
acid. As polymers which are reacted with such acids, there are used poly(p-tert-butoxycarbonyioxystyrene), poly(p- 
tetrahydropyranyloxystyrene), poly(p-trimethyisilyloxystyrene), etc. These polymers bring about the following de- 
composition reaction by the acid generated by exposure to electron beams: 

CH^i- — e-CH — CH^t- CH 3 

- C 

40 | A I CHo 

OCOC(CH,)-, 
I 3 3 

0 (1) 

45 With the progress of the above-mentioned reaction, the decomposition reaction of protective group of the 

polymer proceeds. That is, by conducting imagewise electron beam exposure, an acid generator generates an 
acid, which can make an alkali-insoluble polymer alkali-soluble and form a positive-working pattern. Using such 
multi-component substances containing a matrix polymer and an acid generator as a resist, there is developed 
a process for forming a pattern comprising coating such a resist material on a semiconductor substrate, an 

so organic plane film, or an inorganic intermediate film, exposing the resist material to electron beams, heat treat- 
ing the resulting resist material, and developing the resulting resist material with an organic alkaline aqueous 
solution. But these polymers hardly release the protective groups. The positive-working resist to be used in 
the future should have a resolving power of 0.2 \an design rule or less and sufficient sensitivity as a resist, 
but such a resist is not found in chemical amplification type resists. Further, since these electron beam resists 

55 generate strong acids having high volatility in common, the generated acids are easily influenced by an at- 
mosphere such as an amine. As a result, there arises a problem in that the pattern size changes during im- 
agewise electron beam exposure, or in a period between the imagewise exposure to heat treatment Further, 
in order to etch the substrate without dimensional shift using an etching mask, it is necessary to use a resist 





2 
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pattern having a vertical shape. But from the above-mentioned polymer and acid generator, it is impossible to 
obtain a resist pattern having a good shape. 

On the other hand, the PMMA-based resists have a problem of swelling and insufficiency in resistance 
to dry etching at the time of development as mentioned above, and are not suitable for fine processing of 0.2 

5 pm design rule or less. 

As mentioned above, application of chemical amplification to resists is effective for improving the sensi- 
tivity and removing the swelling caused by an organic developer, and influences on human bodies and envir- 
onmental pollution, no positive-working resists satisfying both sensitivitry and resolution at the same time have 
been developed. Since the improvement in sensitivity in electron beam lithography leads to improvement in 

10 throughput, the improvement in the resist sensitivity is an important problem. Further, in order to use as a mask 
for dry etching, it is necessary to have sufficient resistance to dry etching at the same time. Further, there is 
also a big problem in that the pattern dimension changes during the imagewise electron beam exposure. There- 
fore, the development of positive-working electron beam resists overcoming these problems and practically 
usable have been desired. 

15 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a resist material for providing a chemical-amplified pos- 
itive-working electron beam resist having high sensitivity, high resolution and high dry etching resistance and 
20 capable of maintaining stable pattern dimension. It is another object of the present invention to provide a proc- 
ess for forming a fine pattern using such a resist material. 

The present invention provides a resist material comprising 

(a) a polymer represented by the formula: 

25 



30 



35 




wherein R 1 is a hydrogen atom or a methyl group; R 2 and R 3 are independently a hydrogen atom or a 
straight, branched or cyclic alkyl group having 1 to 6 carbon atoms, provided that R 2 and R 3 cannot be 

40 hydrogen atoms at the same time, or R 2 and R 3 can form together a methylene linkage having 2 to 5 carbon 

atoms; R 4 is a straight, branched or cyclic alkyl group having 1 to 10 carbon atoms, a straight, branched 
or cyclic haloalkyl group having 1 to 6 carbon atoms, or an aralkyl group having 7 to 10 carbon atoms; R 6 
is a hydrogen atom or a cyano group; R 6 is a hydrogen atom or a methyl group; R 7 is a hydrogen atom, a 
cyano group, -COOY in which Y is a straight, branched or cyclic alkyl group having 1 to 6 carbon atoms, 

45 or a group of the formula: 



50 




[II] 



in which Z is a hydrogen atom, a halogen atom, a straight or branched aJkyl group having 1 to 10 carbon 
atoms, or a straight, branched or cyclic alkoxy group having 1 to 10 carbon atoms, or R 5 and R 7 can form 
together a group of the formula: -CO - O - CO - ; k and t are independently an integer of 1 or more, provided 
that 0.1 ^ k/(k+t) =s 0.9; and m is zero or an integer of 1 or more, provided that when m is an integer of 1 
or more, 0.05 ^ m/(k+t+m) ^ 0.50, 

(b) an acid generator which can generate an acid upon exposure to electron beams, and 
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(c) a solvent capable of dissolving the components (a) and (b). 

The present invention also provide a process for forming a fine pattern, which comprises 

(i) a step of coating the resist material mentioned above on a semiconductor substrate, followed by heat 
treatment for for ming a resist fil m, 

5 (ii) a step of exposing the resist film to electron beams to image a pattern, followed by heat treatment de- 

pending on necessity, and 

(iii) a step of developing the resulting resist film with an alkaline aqueous solution to form a positive-working 
pattern. 

The present invention further provides a process for forming a fine pattern, which comprises 
10 (i) a step of coating an organic high polymer solution on a semiconductor substrate, followed by heat treat- 

ment to form an underlying film, 

(ii) a step of forming an inorganic intermediate film on the underlying film, 

(iii) coating the resist material mentioned above on the intermediate film, followed by heat treatment to 
form a resist film, 

15 (iv) a step of exposing the resist film to electron beams to image a pattern, followed by heat treatment de- 

pending on necessity, 

(v) a step of developing the resist film with an alkaline aqueous solution to form a positive-working pattern, 

(vi) a step of masking the resulting resist pattern, followed by etching of the intermediate film, and 

(vii) a step of masking the resulting pattern, followed by etching the underlying film. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1Aand 1B are cross-sectional views explaining the process for forming a fine pattern in Example 1. 

Fig. 2 is a graph showing a sensitivity curve expressing a relationship between the normalized remaining 
25 film thickness obtained from the resist material and t he dose in Example 1 . 

Fig. 3 is a graph showing a sensitivity curve expressing a relationship between the normalized remaining 
film thickness obtained from the resist material and the dose in Example 2. 

Figs. 4A to 4D are cross-sectional views explaining the process for forming a fine pattern in Example 3. 

Fig. 5 is a cross-sectional view showing a pattern with a undesirable adverse trapezoid obtained in Com- 
30 parative Example 1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The chemical-amplified resist of the present invention is characterized by using as a resin component a 
35 polymer represented by the formula: 

(a) a polymer represented by the formula: 

40 R 1 R 1 R 6 

I I I 



45 




wherein R 1 is a hydrogen atom or a methyl group; R 2 and R 3 are independently a hydrogen atom or a straight, 
branched or cyclic alkyl group having 1 to 6 carbon atoms, provided that R 2 and R 3 cannot be hydrogen atoms 
at the same time; or R 2 and R 3 can form together a methylene linkage having 2 to 5 carbon atoms; R 4 is a 
straight, branched or cyclic alkyl group having 1 to 10 carbon atoms, a straight, branched or cyclic haloalkyl 
group having 1 to 6 carbon atoms, or an araikyl group having 7 to 10 carbon atoms; R 5 is a hydrogen atom or 
a methyl group; R 7 is a hydrogen atom, a cyano group, -COOY in which Y is a straight, branched or cyclic alkyl 
group having 1 to 6 carbon atoms, or a group of the formula: 
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15 



25 



30 



35 



40 



50 



55 




[II] 

in which 2 is a hydrogen atom, a halogen atom, a straight or branched alkyl group having 1 to 1 0 carbon atoms, 
or a straight, branched or cyclic alkoxy group having 1 to 10 carbon atoms, or R 5 and R 7 can form together a 
group of the formula: -CO-O-CO; k and t are independently an integer of 1 or more, provided that 0. 1 =i k/(k+t) 
^ 0.9; and m is zero or an integer of 1 or more, provided that when m is an integer of 1 or more, 0.05 ^ m/(k+t+m) 
10 ^ 0.50. 

In the formula [I], the alkyl group defined in R 2 and R 3 , the alkyl moiety in the haloalkyl group in 
the definition of R 4 , and the C^, alkyl group in Y in the group of -COOY in the definition of R 7 f includes methyl, 
ethyl, propyl, butyl, amyl, and hexyl, either straight, branched or cyclic. The alkyl moiety in the C^q alkoxy 
group in the definition of R 4 , and the C^ 0 alkyl group and the alkyl moiety of C^ 10 alkoxy group in Z in the 
group: 

20 

PI] in the definition of R 7 , includes methyl, ethyl, propyl, butyl, amyl, hexyl, heptyl, octyl, nonyl and decyl, either 
straight, branched or cyclic. The halogen atom in Cj_e haloalkyl in the definition of R 4 includes chlorine, bromine, 
fluorine and iodine. The aralkyl group in the definition of R 4 includes benzyl, phenethyl, phenylpropyl, methyl- 
benzyl, methylphenethyl, ethylbenzyl, etc. 

The polymer of the formula [I] has its most marked characteristics in that it comprises a monomer unit hav- 
ing a functional group which can be released by an acid and represented by the formula: 

R 2 

I 4 

- C - OR* [VI] 

wherein R 2 , R 3 and R 4 are as defined above, for example, an alkoxyalkyl group, a haloalkoxyalkyl group or an 
aralkyloxyalkyt group, that is, the monomer unit represented by the formula: 




r ii R 2 [VII] 

- C - OR 4 



l 3 

wherein R 1 , R 2 , R 3 and R 4 are as defined above. Particularly, the functional group represented by the formula 
[VI] has a higher electron density at the functional group site due to electron donating properties of alkoxy group 
than known functional groups such as a tert-butoxycarbonyl group, a tert-butyl group, a trimethylsilyl group, 
or a tetrahydropyranyl group similar to these groups, so that the decomposition reaction remarkably easily pro- 
ceeds by a small amount of acid. Since the chemical amplification proceeds by a small dose, the sensitivity 
is enhanced compared with known positive-working resists, resulting in making it possible to increase the pro- 
ductivity remarkably. Further, the polymer of the formula [I] is also advantageous for improving the resolution 
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and maintaining the pattern dimension. 

The monomer unit represented by the formula [VII] is derived from a monomer such as a p- or m-hydrox- 
ystyrene derivative, a p- or m-hydroxy-a-methylstyrene derivative or the like having a functional group of the 
formula: 

5 



10 




[VI] 



Examples of such a monomer having a functional group of the formula [VI] are p- or m-1-methoxy-1-me- 
thylethoxystyrene, p- or m-1-benzyloxy-1-methylethoxystyrene f p- or m-1-ethoxyethoxystyrene, p- or m-1- 

15 methoxyethoxystyrene, p- or m-1-n-butoxyethoxystyrene f p- or m-1-isobutoxyethoxystyrene, p- or m-1-(1 ,1- 
dimethylethoxy)-1-methylethoxystyrene, p- ornrv1-(1,1-dimethylethoxy)ethoxystyrene, p- or m-1-(2-chloroe- 
thoxy)ethoxystyrene, p- orm-1-cyclohexyloxyethoxystyrene, p- or m-1-(2-ethylhexyfoxy)ethoxystyrene, p- or 
m-1-ethoxy-1-methylethoxystyrene, p- or m-1-n-propoxyethoxyethoxystyrene, p- or m-1 -ethoxy pro poxy sty r- 
ene, p- or m-1-methoxybutoxystyrene, p- or m-1-methoxycydohexyloxystyrene, and p- or m-hydroxy-a-me- 

20 thylstyrene derivatives having the same protective group as those mentioned above as to the p- or m-hydrox- 
ystyrene derivatives. These monomers can be used singly or as a mixture thereof. 

Among these monomers, those having alkyl groups in the definitions of R 2 and R 3 , respectively, in the 
formula: 



30 



35 




[VII] 



for example, p- or m-1-methoxy-1-methy1ethoxystyrene, p- or m-1-benzyloxy-1-methy1ethoxystyrene, p- or 
m-1-(1,1.dimethylethoxy)-1-methylethoxystyrene, p- or m-1-ethoxy-1-methylethoxystyrene, p- or m-1-me- 
thyl-1-n-propoxyethoxystyrene, etc. are more preferable, since the protective group can remarkably easily be 
40 released by the action of the acid to improve the resolution capacity, which is one object of the present inven- 
tion. 

The polymer of the formula [I] includes a monomer unit of the formula: 

45 R 1 

I 



50 




[VIII] 



wherein R 1 is as defined above, and, if necessary, a monomer unit of the formula: 

55 
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- CH 

is 

wherein R« Re and R 7 are as defined above, in addition to the monomer unit of the formula [VII]. 

The monomer unit of the formula [VIII] is derived from a monomer having a phenolic hydroxyl group, for 
exmaple, p- or m-vinylphenol, p- or m-hydroxy-a-methylstyrene, etc. Such monomers can be used singly or 
as a mixture thereof. 

The monomer unit of the formula [IX] is derived from a monomer such as acrylonitrile, fumaronitrile, methyl 
methacrylate, tert-butyl methacryfate, maleic anhydride, p-tert-butoxystyrene, p-methylstyrene, p-chlorostyr- 
ene, styrene, etc. Such monomers can be used singly or as a mixture thereof. 

In the polymer of the formula [I], the monomer unit of the formula [VII] and that of the formula [VIII] are 
present preferably in the molar ratio of 1:9 to 9:1, more preferably 2:8 to 7:3 considering the heat resistance 
of the polymer and excellent adhesiveness to the semiconductor substrate. 
Examples of the polymer of the formula [I] are as follows: 

poly(p-1-methoxy-1-methylethoxystyrene-p-hydroxystyrene), 

poly(p-1-benzyloxy-1-methylethoxystyrene-p-hydroxystyrene), 

poly(p-l-ethoxyethoxystyrene-p-hydroxystyrene), 

poly(p-l-methoxyethoxystyrene-p-hydroxystyrene), 

poly(p- 1 -n-butoxyet hoxyst yrene-p-hydroxysty rene), 

poly(p-l-isobutoxyethoxystyrene-p-hydroxystyrene), 

poly[p-1-(1,1-dimethylethoxy)-1-methylethoxystyrene-p-hydroxystyrene], 

poly[n>1-(2-chloroethoxy)ethoxystyrene-m-hydroxystyrene], 

poly(p-l-cyclohexyloxyethoxystyrene-p-hydroxystyrene), 

polytm-1-(2-ethylhexyloxy)ethoxystyrene-m-hydroxystyrene], 

poly(p-1-methoxy-1-methylethoxy-a-methyi-styrene-p-hydroxy-a-methylstyrene), 

poly(p-l-ethoxyethoxystyrene-p-hydroxystyrene-acrylonitrile), 

poly(p-l-ethoxyethoxystyrene-p-hydroxystyrene-fumaronitrile), 

poly(p-1-n-butoxyethoxystyrene-p-hydroxystyrene-methyl methcrylate), 

poly(p-1-cyclohexyl-1-ethoxyethoxystyrene-p-hydroxystyrene-tert-butyl methacrylate), 

poly(p-l-methoxycydohexylostyrene-p-hydroxystyrene), 

poly(p-1-ethoxy-1-methylethoxystyrene-p-hydroxystyrene), 

poly(p-l-ethoxyethoxystyrene-p-hydroxystyrene-p-tert-butoxystyrene), 

poly(p-l-methoxyethoxystyrene-p-hydroxystyrene-p-methylstyrene), 

poly(p-l-ethoxyethoxystyrene-p-hydroxystyrene-p-chlorostyrene), 

poly[p-1-(2-chloroethoxy)ethoxystyrene-p-hydroxystyrene-tert-butyl methacrylate], 

poly(m-1-cyclohexyloxyethoxystyrene-m-hydroxystyrene-maleic anhydride), etc. 
The polymer of the formula [I] can eassily be produced by the following four processess of a) to d). 

a) Process- 1 

A monomer of the formula: 



R° 
I 

C - 



[IX] 
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wherein R 1 , R 2 , R 3 and R 4 are as defined above, having the functional group of the formula: 



- C - OR 4 [VI] 
l 3 

alone or together with a third monomer is polymeried by a conventional method in an organic solvent such as 
benzene, toluene, tetrahydrofuran, 1,4-dioxane, etc. in the presence of a radical polymerization initator in a 
stream of argon or nitrogen at 50 to 110°C for 1 to 10 hours. As the radical polymerization initiator, there can 
be used an azo compound such as 2,2'-azobisisobutyronitrile, 2,2'-azobis(2,4-dimethyrvaleronitrile), 2,2 '-azo- 
bis(methyf 2-methyipropionate), etc.; a peroxide compound such as benzoyl peroxide, lauroyl peroxide, etc. 
After the reaction, a homopolymer comprising the monomer unit of the formula [VII] or a copolymer including 
the monomer unit of the formula [VII] is isolated after a conventional aftertreatment The resulting homopoly- 
mer or copolymer is reacted with a suitable acid such as a Lewis acid, e.g. sulfuric acid, phosphoric acid, hy- 
drochloric acid, or hydrobromic acid, or an organic acid, e.g. p-toluenesuifonic acid, malonic acid, or oxalic acid, 
in an organic solvent such as tetrahydrofuran, acetone, 1,4-dioxane, etc. at 30 to 100°C for 1 to 10 hours to 
remove the functional group of the formula: 




[VI] 



in an optional proportion. After the reaction, the resulting polymer is treated by a conventional method for ob- 
taining a polymer to isolate the desired polymer. 

b) Process-2 

A monomer of the formula [X], p- or m-hydroxystyrene, or p- or m-hydroxy-a-methylstyrene, and, rf nec- 
essary, a third monomer are copolymerized in the same manner as described in the Process-1 mentioned 
above, followed by isolation of the desired polymer by a conventional aftertreatment 

c) Process- 3 

Commercially available p-tert-butoxystyrene alone or together with a third monomer is polymerized in the 
same manner as described in the Process-1 mentioned above to produce poly(p-tert-butoxystyrene) or a co- 
polymer including p-tert-butoxystyrene units. The resulting polymer or copolymer is then reacted with a suitable 
acid (e.g. a Lewis acid such as sulfuric acid, phosphoric acid, hydrochloric acid, hydrobromic acid, etc.; or an 
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organic acid such as p-toluenesulfonic acid, malonic acid, oxalic acid, etc.) in an organic solvent such as tet- 
rahydrofuran, acetone, 1,4-dioxane, etc., at 30 to 110°C for 1 to 20 hours to remove the functional group of 
tert-butyl group completely or partially in optional proportions to produce poly(p-hydroxystyrene), poly(p-tert- 
butoxystyrene-p-hydroxystyrene) or a copolymer including monomer units of the formula: 



10 




[VIII] 



15 

The resulting polymer or copolymer is reacted with a vinyl ether compound or an isopropenyi ether compound 
of the formula: 

20 R 2 

H 2 C = C - OR 4 [XI] 



25 wherein R* and R 4 are as defined above, in an organic acid such as tetrahydrofuran, acetone, 1,4-dioxane, 
methylene chloride, dimethoxyethane, etc. in the presence of a suitable acid (e.g. sulfuric acid, hydrochloric 
acid, p-toluenesulfonic acid, pyridine salt of chlorosulfonic acid, pyridine salt of sulfuric acid, pyridine salt of p- 
toluenesulfbnic acid, etc.) at 10 to 100°C for 1 to 20 hours to chemically introduce the functional group of the 
formula: 

30 



35 - C - OR 4 [VI] 

R 3 

into the polymer or copolymer in a desired proportion followed by a conventional af tertreatment for obtaining 
40 a polymer to isolate the desired polymer. 

d) Process-4 

Commercially available poly(p-hydroxystyrene) or copolymer including monomer units of the formula: 

45 

R 1 
I 



50 




[VIII] 



55 

is reacted with a vinyl ether compound or an isopropenyi ether compound of the formula: 
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R2 

H 2 C - C - OR 4 [XI] 

5 

in a desired proportion in the same manner as described in the Process-3, followed by a conventional after- 
treatment for obtaining a polymer to isolate the desired polymer. 

The polymer of the formula [I] has a molecular weight suitable as a resist material, preferably a weight- 
average molecular weight of about 1000 to 50000, more preferably about 3000 to 40000, measured by GPC 
10 method using polystyrene as standard. 

As the acid generator (b) which generates an acid by exposure to electron beams, there can be used those 
which give no bad influence on resist pattern formation. Needless to say, it is preferable to use of compounds 
which generate an acid effectively when exposed to electron beams. 

Particularly preferable examples of the acid generators are as follows: 



O 0 



20 




[III] 



wherein is a hydrogen atom, a halogen atom, a straight, branched or cyclic alkyl group having 1 to 1 0 carbon 
atoms or a straight, branched or cyclic alkoxy group having 1 to 10 carbon atoms; and R« j s a straight, branched 
or cyclic alkyl group having 1 to 8 carbon atom, a phenyl group, an alkyl-substituted phenyl group, a halogen- 
substituted phenyl group, a benzyl group or an alkoxy-substituted phenyl group. 



35 




[IV] 



wherein R**, R* R 24 an d are independently a hydrogen atom, a halogen atom, a straight, branched or cyclic 
alkyl group having 1 to 10 carbon atoms, a haloalkyl group having 1 to 10 carbon atoms, an alkoxyalkyl group 
having 2 to 1 0 carbon atoms, an aralkyl group having 7 to 1 0 carbon atoms, a phenyl group, a substituted phenyl 
group (substituted being one or more halogen atoms, straight, branched or cyclic alkyl groups having 1 to 10 
carbon atoms, straight, branched or cyclic alkoxy groups having 1 to 10 carbon atoms, nitro groups or cyano 
groups), and together with R* R23 together with R™, and R* teogether with R**, can indepdependently 
form an alicyclic ring, a heteroalicyclic ring, an aromatic ring or a heteroaromatic ring. 



50 



55 




R 27 O 
I I 

c — s 

! 28 1 



- p29 



[V] 



wherein R*» is a hydrogen atom, a halogen atom, a straight, branched or cyclic alkyl group having 1 to 10 carbon 
atoms, or a straight, branched or cyclic alkoxy group having 1 to 1 0 carbon atoms; R» j s a hydrogen atom or 
an alkyl group having 1 to 3 carbon atoms; Ra> is an alkyl group having 1 to 3 carbon atoms; and R» is a straight, 

10 
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branched or cyclic alky! group having 1 to 10 carbon atoms, an aralkyl group having 7 to 10 carbon atoms, a 
phenyl group, a substituted phenyl group (substituent being one or more halogen atoms, straight, branched or 
cyclic alkyi groups having 1 to 10 carbon atoms or straight, branched or cyclic alkoxy groups having 1 to 10 
carbon atoms). 

Preferable examples of the acid generator (6) are as follows: 

diphenyldisulfpne, 

di(p-tolyl)disulfone, 

p-to!yl phenyidisulfone, 

p-tolyl n-butyldisulfone, 

p-tolyl isopropyldisulfone, 

p-tolyl n-octyldisulfone, 

p-tolyl benzyldisutfone, 

p-methoxyphenyl p-tolyldisulfone, 

p-methoxyphenyl phenyidisulfone, 

p-chlorophenyl p-tolyldisulfone, 

p-chlorophenyl phenyidisulfone, 

p-methoxyphenyl n-butyldisulfone, 

p-methoxyphenyl isopropyldisulfone, 

phenyl n-butyldisulfone, 

phenyl isopropyldisulfone, 

phenyl n-octyldisulfbne, 

phenyl benzyldisulfone, 

di(p-methoxyphenyl) disulfone, 

di(p-chlorophenyl) disulfone, 

p-tolyl ethyldisulfone, 

p-methoxyphenyl ethyldisulfone, 

4,6-dimethyl-1,2-oxathiin-2,2-dioxide, 

4,6-diphenyl-1,2-oxathiin-2,2-dioxide, 

4-methyl-6-phenyl-1,2-oxathiin-2,2-dioxide, 

3-bromo-4,6-dimethyl-1,2-oxathiin-2,2-dioxide, 

6-(4-bromophenyl)-1,2-oxathiin-2,2-dioxide, 

6-phenyM ,2-oxathiin-2,2-dioxide, 

6-(4-tolyl)-1,2-oxathiin-2,2-dioxide, 

3-phenyl-5,6,7,8-tetrahydro-2,1-benzoxathiin-1,1-dioxide, 

2,2-bis-benzenesulfonyl propane, 

2-(p-toluenesulfonyl>-2-methylsulfonylpropane, 

2-(p-toluenesulfonyl)-2-cyclohexylsulfonyl propane, 

2-benzenesulfbnyl-2-(1,1-dimethylethylsulfonyl)propane, 

2-[(1,1-dimethylethyl)phenylsulfbnyl]-2-(1-methylethylsulfonyl)propane, 

2,2-bis(p-toluenesulfbnyl)butane,etc. 
On the other hand, known acid generators other than those mentioned above, such as triphenyisulfonium 
salts, diphenyliodonium salts, pyrogallol tris(methanesulfonate), and tris(trichloromethyl)-s-triazihe/triethanol 
amine, etc. are not preferable as the acid generator for chemical amplified resist materials, since a strong acid 
such as a Lewis acid having high volatility is generated upon exposure to electron beams, so that the acid 
vaporises from the resist film surface during or after imagewise exposure to electron beams, or is remarkably 
influenced by an atmosphere such as an amine gas atmosphere. As a result during the imagewise exposure, 
or with the lapse of time from the imagewise exposure to development, there arise problems in that the so- 
called T-shaped or overhang profiles in the formation of pattern often take place, the pattern forming dimen- 
sion changes largely, or no pattern is formed completely. 

As the solvent (c), there can be used those which can dissolve both the components (a) and (b), and are 
good in film-forming properties. 

Preferable examples of the solvent are methyl Cellosolve acetate, ethyl Cellosolve acetate, propylene gly- 
col monoethyl ether acetate, propylene glycol monomethyl ether acetate, methyl lactate, ethyl lactate, 2-ethox- 
yethyl acetate, methyl pyrurate, ethyl pyrurate, methyl 3-methoxypropionate, ethyl 3-methoxypropionate, N- 
methyl-2-pyrrolidone, cyclohexanone, methyl ethyl ketone, 1,4-dioxane, ethylene glycol monoisopropyf ether, 
diethylene glycol monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol dimethyl ether, etc. 
These solvents can be used alone or as a mixture thereof. 

The resist material of the present invention may further contain one or more dyes such as fluorenone der- 
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ivatives, anthracene derivatives, acridine compounds, pyrene derivatives, etc.; electroconductive compounds 
such as polypyrrole, TCNQ complexes, etc.; surfactants, and the like additives. 

Using the resist material mentioned above, fine patterns can be formd as follows. 

The present invention also provide a process for forming a fine pattern, which comprises 

(i) a step of coating the resist material mentioned above on a semiconductor substrate, followed by heat 
treatment for forming a resist film, 

(ii) a step of exposing the resist film to electron beams to image a pattern, followed by heat treatment de- 
pending on necessity, and 

(iii) a step of developing the resulting resist film with an alkaline aqueous solution to form a positive-working 
pattern. 

The present invention further provides a process for forming a fine pattern, which comprises 

(i) a step of coating an organic high polymer solution on a semiconductor substrate, followed by heat treat- 
ment to form an underlying film, 

(ii) a step of forming an inorganic intermediate film on the underlying film, 

(iii) coating the resist material mentioned above on the intermediate film, followed by heat treatment to 
form a resist film, 

(iv) a step of exposing the resist film to electron beams to image a pattern, followed by heat treatment de- 
pending on necessity, 

(v) a step of developing the resist film with an alkaline aqueous solution to form a positive-working pattern, 

(vi) a step of masking the resulting resist pattern, followed by etching of the intermediate film, and 

(vii) a step of masking the resulting pattern, followed by etching the underlying film. 
More concretely, fine patterns can be formed as follows. 

The resist material of the present invention is spin coated on a substrate such as a silicon wafer so as to 
make the film thickness about 0.5 to 2 *im after dried, and prebaked in an oven at 70 to 130°C for 10 to 30 
minutes, or on a hot plate at 70 to 130°C for 1 to 2 minutes. After imagewise exposure to electron beams at 
an accelerating voltage of 20 to 50 KeV, and an exposure dose of 0.1 to 100 nC/cm 2 , the resulting film is baked 
on a hot plate at 70 to 150°C for 1 to 2 minutes. Then, using a developing solution such as an aqueous solution 
of 0.1 to 5% tetramethylammonium hydroxide (TMAH). the development is carried out for about 0.5 to 3 minutes 
by a conventional method such as a dip method, a puddle method, a spray method, etc., to form the desired 
pattern on the substrate. 

On the other hand, influences of back scattering of electron beams can be prevented by forming an organic 
underlying film on a substrate, forming an inorganic intermediate film on the underlying film, forming a resist 
pattern on the intermediate film, and transferring the pattern. As the organic underlying film, it is preferable 
to use, for example, a novolak resin which is usually used as a resist material for nine and g-llne, so as to 
obtain a pattern having good resistance to etching. As the inorganic intermediate film, it is preferable to use a 
silicon oxide film or a SOG (spin on glass which is a film obtained by coating solution obtained by dissolving 
an organic silicone compound in an organic solvent, drying and heating to covert it to silicon oxide) so as to 
attain easy film formation, small dimensional shift at the time of underlying film etching and precise pattern 
transfer. 

The resist material of the present invention preferably contains 1 part by weight of the polymer (a) and 
0.01 to 0.3 part by weight, more preferably 0.01 to 0.1 part by weight, of the acid generator (b) in the case of 
positive-working resist material. The amount of the solvent (c) is not particularly limited so long as no troubles 
are caused at the time of coating the positive-working resist material containing the polymer (a) and the acid 
generator (b). Usually, the solvent is used in an amount of 1 to 20 parts by weight, preferably 1.5 to 6 parts 
by weight per part by weight of the polymer (a). 

As the developing solution, it is preferable to use an alkaline solution having a suitable concentration so 
as almost not to dissolve unexposed portions and so as to dissolve exposed portions, depending on the sol- 
ubility of the polymer (a) used in the resist material. Usually, the concentration of alkaline developer is prefer- 
ably 0.01 to 20% by weight As the alkaline developing solution, there can be used a solution of organic amine 
such as TMAH, choline, triethanolamine, etc.; an inorganic alkali such as NaOH, KOH, etc. 

In the present invention, since the polymer (a) contains the monomer unit represented by the formula: 



12 



EP0 588 544 A2 




- C - 



CH 2 




O - 



C - 



OR 



[VII] 




including the functional group of the formula: 




- C - 



OR 



[VI] 




the functional group can more easily be removed in the presence of an acid so as to more easily become alkali- 
soluble compared with known polymers used for the same purpose. Thus, it becomes possible to maintain the 
pattern dimension stably during exposure to electron beams or a period between the exposure to electron 
beams and heat treatment (baking). Further, since the polymer 

(a) contain the hydroxystyrene unit of the formula: 



the heat resistance, resistance to dry etching and adhesiveness to the substrate are also excellent. 

In contrast, when R 2 and R 3 in the formula [I] are hydrogen atoms (e.g. in the case of p-a!koxymethoxys- 
tyrene), the resist material is used as a negative-working resist material, not applicable to the positive-working 
resist material. 

The resist material of the present invention comprising an acid generator of the formula [III], [IV] or [V] can 
generate an acid when exposed to not only electron beams but also KrF excimer laser light (248.4 nm) and X- 
rays and shows chemical amplification action. Therefore, the resist material of the present invention can be 
used for pattern formation applying chemical amplification not only using a low dose of electron beams but 
also using deep UV light such as KrF excimer laser light or X-rays. 

Action of the present invention is explained concretely. The area exposed to electron beams generates 
an acid by the reactions shown by the following Equations (2), (3) or (4): 




- C - CH 2 - 




[VIII] 
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H 2 C O 

CHj-H^J^-SOgH + C - l-<^~^-CH 3 (4) 

H 3 C O 

The heat treatment subsequent to the irradiation step causes the chemical reaction as shown by Equation 
(5) to change the special functional group of the polymer (a) [1-ethoxyethoxy group in the Equation (5)] to a 
hydroxy) group by the action of the acid so as to make the polymer alkali-soluble, resulting in releasing into 
the developing solution at the time of development; 



-(CH - CH 2 )- -(CH - CH 2 )- 




H© 

> 




0 

HCOC 2 H 5 + H (5) 
H 2 C 



OCHOC 2 H 5 
CH 3 

On the other hand, since no acid is generated on the non-exposed area, no chemical change takes place 
even if subjected to heat treatment Rather, the hydrophflic sites of the polymer used for the purpose of 
strengthening adhesiveness to the substrate are protected by the acid generator from the swelling by the al- 
kaline developing solution. As mentioned above, since a large difference in the solubility in the alkaline devel- 
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oping solution takes place between the exposed area and the non-exposed area when a pattern is formed by 
using the resist material of the present invention, and since the non-exposed area of the polymer has strong 
adhesiveness to the substrate, no peeling of the film takes place at the time of development. As a result, a 
positive-working pattern having good contrast can be formed. Further, as shown in the Equation (5), since the 

5 acid generated by exposure to electron beams acts catalytically, it is sufficient to generate the acid in a small 
amount only necessary for the reaction, resulting in reducing the energy amount of irradiation of electron 
beams. In addition, since an organic alkaline aqueous solution can be used as a developing solution, no swel- 
ling of developer takes place and no harm is given to the circumstances and human bodies. 

The present invention is illustrated by way of the following Examples, in which all parts and percents are 

10 by weight, unless otherwise specified. 

Synthesis Example 1 Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene] [Method 1] 

(1) Synthesis of p-bromo-(1-ethoxyethoxy)benzene 

15 

p-Bromophenol (50 g, 0.29 mole), ethyl vinyl ether (41.7 g, 0.58 mole) and pyridinium p-toluenesulfonate 
(1.5 g) were dissolved in methylene chloride (300 ml), followed by reaction with stirring at room temperature 
for 6 hours. Then 5% aqueous sodium bicarbonate (400 ml) was added to the reaction mixture, and stirred. 
Then, the organic layer was separated, washed with H 2 0 (300 ml x 3), dried over anhydrous MgS0 4 and evapo- 

20 rated. The residue (82 g) was distilled under reduced pressure to give 71 .1 g of p-bromo-(1 -ethoxyethoxy)ben- 
zene as a pale yellow oil having a boiling point of 112 - 114°C/6 mmHg. (798Pa) 

*HNMR 5 ppm (CDCI 3 ): 1.20 (3H, t, J=7Hz, -CH^CH*), 1.49 (3H, d, J=5.1Hz, -OCH-CH 3 ). 3.47 - 3.83 
(2H, m, -ChfcCHa), 5.31 - 5.37 (1 H, q, J=5.5Hz, OCHCH 3 ), 6.95 (2H, d, J=8.8Hz, Aromatic 2-H, 6-H), 7.32 (2H, 
d, J=8.8Hz, Aromatic 3-H, 5-H). 

25 IR(Neat) v cnr 1 : 2970, 2930, 2890, 1595, 1490. 

(2) Synthesis of p-(1-ethoxyethoxy)styrene 

To a suspension of magnesium turning (3.7 g, 0.15 atom) in dry tetrahydrofuran (30 ml) under nitrogen, a 

30 solution of p-bromo-(1-ethoxyethoxy)benzene (35 g, 0.14 mole) obtained in above (1) in dry tetrahydrofuran 
(1 50 ml) was added dropwise under mild reflux, followed by reaction with stirring for 1 hour under reflux. 

After cooling to 10°C, dichloro(1,2-bis-(diphenylphosphino)ethane)nickel (0.8 g) was added to the reaction 
mixture, then a solution of vinyl bromide (15.3 g, 0.14 mole) in dry tetranydrofuran (50 ml) was added dropwise 
at 20 - 30° under nitrogen and continued to stir at room temperature for 1 hour. To the reaction mixture, aqueous 

35 ammonium chloride (200 ml) and methylene chloride (200 ml) were added, followed by stirring. Then, the or- 
ganic layer was separated, washed with H 2 0 (200 ml x 2), dried over anhydrous MgS0 4 and evaporated. The 
remaining oil (30 g) was purified by fractional distillation under reduced pressure in the presence of a few mil- 
ligrams of tert-butylcatechol as an inhibitor. There was obtained 21 .5 g of p-(1-ethoxyethoxy)styrene as a col- 
orless oil having a boiling point of 93 - 96°C/1 mmHg. (133Pa) 

40 *HNMR 8 ppm (CDd 3 ): 1.20 (3H, t, J=7Hz, -CH 2 CH3), 1.50 (3H. d, J=5H.1Hz, OCHCH3), 3.49 - 3.85 

(2H, m, -CHaCHg), 5.13 (1H, d, J=10.6Hz, CHa= CH-). 5.35 - 5.41 (1H, q, J=5.5hz, OCHCH 3 ), 5.62 (1H, q, 
J=1 7.6Hz, CH^CH-), 6.66 (1H, dd, J=10.6Hz and J=17.6Hz, CH 2 =CH-), 6.95 (2H, d, J=8.8Hz, Aromatic 3-H, 
5-H), 7.33 (2H, d, J=8.8Hz, Aromatic 2-H, 6-H). 

IR(Neat) v cnr 1 : 2970, 2930, 2890, 1635 (C=C) 1605, 1505. 

45 Anal, calcd. for C 12 H 16 0 2 : C%, 74.97; H%, 8.39. 
Found: C%, 75.08; H%, 8.33. 

(3) Free radical polymerization of p-(1-ethoxyethoxy)styrene 

so A solution of p-(1-ethoxyethoxy)styrene (19.2 g) obtained in above (2) in toluene containing catalytic 

amount of 2,2'-azobisisobutyronitrile (AIBN) was polymerized at 80°Cfor 6 hours under nitrogen. After cooling, 
the reaction mixture was poured into methanol (1 liter) with stirring, standed, and then decanted. The resultant 
viscous oil was washed twice with methanol (500 ml) and concentrated under reduced pressure to give 16.3 
g of poly[p-(1-ethoxyethoxy)styrene] as a pale yellow viscous oil having Mw 10000 and Mn 5500 (GPC with 

55 polystyrene calibration). 



15 



EP 0 588 544 A2 

(4) Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene] 

A solution of poly[p-(1-ethoxyethoxy)styrene] (1 5.5 g) obtained in above (3) and oxalic acid (1 .6 g) in 1 ,4- 
dioxane (150 ml) was reflux for 3 hours with stirring. The mixture was cooled, poured into H 2 0 (1 liter) and the 
5 solid was precipitated. The precipitate was filtered, washed with H 2 0 and dried under reduced pressure to af- 
ford 12.0 g of the title compound as a white powder having Mw 8500, Mw/Mn ±= ca. 1 .8 (GPC with polystyrene 
calibration). The polymer was found to have P-(1-ethoxyethoxy)styrene unit and p-hydroxystyrene unit in a 
molar ratio of ca. 1:1 based on 1 HNMR analysis (with calibration using the methine proton at 8 5.25 - 5.4 ppm 
and the aromatic proton at 5 6.2 - 6.8 ppm in the 1 HNMR spectrum.) 

10 

Synthesis Example 2 Synthesis of poly[p-(1-ethoxy ethoxy)styrene/p-hydroxystyrene] [Method 2] 

Using p-(1-ethoxyethoxy)styrene (9.6 g) obtained in Synthesis Example 1, (2) and p-hydroxystyrene (6.0 
g), free radical polymerization was carried out in the same manner as described in Synthesis Example 1, (3). 
15 Then the reaction mixture was poured into petroleum ether (1 liter), and the precipitate was filtered, washed 
and dried in vacuo to afford 12.8 g of the title compound as a white powder having Mw 9000 and Mw/Mn = 2.0 
(GPC with polystyrene calibration). The polymer was found to have p-(l-ethoxyethoxy) styrene unit and p- 
hydroxystyrene unit in a molar ratio of ca. 1:1 based on 1 HNMR. 

20 Synthesis Example 3 Synthesis of poly(p-(1-ethoxyethoxy)styrene/p-hydroxystyrene] [Method 3] 
(1) Free radical polymerization of p-tert-butoxystyrene 

A solution of p-tert-butoxystyrene (17.6 g) in toluene containing catalytic amount of 2,2 -azobisisobutyro- 
25 nitrile (AIBN) kwas polymerized at 80°Cfor6 hours under nitrogen. After cooling, the reaction mixture was pour- 
ed into methanol (1 liter) and the polymer was precipitated. The polymer was filtered, washed with methanol 
and dried under reduced pressure to afford 1 5.5 g of poly(p-tert-butoxystyrene) as a white powder having Mw 
10000 (GPC kwith polystyrene calibration). 

30 (2) Synthesis of poly(p-hydroxystyrene) 

A solution of poly(p-tert-butoxystyrene) (15.0 g) obtained in above (1) and cone, hydrochloric acid (10 ml) 
in 1,4-dioxane was refluxed for 4 hours with stirring. The mixture was cooled, poured into H 2 0 (1 liter) and the 
solid was precipitated. The polymer was filtered, washed with H z O and dried under reduced pressure to give 
35 9.7 g of poly(p-hydroxystyrene) as a white powder. 

(3) Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene] 

To a solution of poly(p-dydroxystyrene) (4.0 g) obtained in above (2) and ethyl vinyl ether (1 .5 g) in a mixed 
40 solvent (35 ml) of pyridine and 1 .4-dioxane, a catalytic amount of p-toluenesulfonic acid was added and reacted 
with stirring at room temperature for 24 hours. The reaction mixture was poured into H 2 Q (1 liter) and a white 
solid was precipitated. The polymer was filtered, washed with H 2 0 and dried under reduced pressure to afford 
5.0 g of the desired product as a white powder having Mw 10000 (GPC with polystyrene calibration). The poly- 
mer was found to have p-(1-ethoxyethoxy)styrene unit and p-hydroxystyrene unit in a molar ratio of ca. 1:1 
45 based on 1 HNNR. 

Synthesis Example 4 Synthesis of poly[p-(1-ethoxy ethoxy)styrene/p-hydroxystyrene] [Method 4] 

A solution of poly(p-hydroxystyrene) (8.0 g) [MARUKA LYNCUR-M, manufactured by Maruzene Petro- 
50 chemical Co.,Ltd., having Mw 10000 and Mn 5000], ethyl vinyl ether (3.0 g) and pyridinium p-toluenesulfonate 
(0.5 g) in dioxane (70 ml) was reacted with stirring at room temperature for 24 hours. After reaction, the mixture 
was poured into H 2 0, was precipitated with stirring, and the precipitate was filtered, washed with H 2 0 and then 
dried in vacuo. There was obtained 10.0 g of the desired product as a white powder having Mw 11000 (GPC 
with polystyrene calibration). The polymer was found to have p-(1-ethoxyethoxy)styrene unit and p-hydroxys- 
55 tyrene unit in a molar ratio of ca. 1:1 based on 'HNMR. 
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Synthesis Example 5 Synthesis of polylP-(1-ethoxyethoxy)styrene/p-hydroxystyrene] 

To a solution of poly(p-hydroxystyrene) (4.0 g) obtained in Synthesis Example 3, (2) and ethyl vinyl ether 
(1 .5 g) in acetone, a catalytic amount of pyridinium p-toluenesulfonate was added, and reacted with stirring at 
5 room temperature for 12 hours. The reaction mixture was poured into H 2 0 (1 liter) and was precipitated. The 
precipitate was filtered, washed with H 2 0 and dried under reduced pressure to give 3.9 g of the desired product 
as a white powder having Mw 10000 (GPC with polystyrene calibration). The polymer was found to have p-(1- 
ethoxyethoxy)styrene unit and p-hydroxystyrene unit in a molar ratio of ca. 35:65 based on 1 HNMR. 

10 Synthesis Example 6 Synthesis of polylp-(1-methoxyethoxy)styrene/p-hydroxystyrene) [Method 1] 

(1) Synthesis of p-bromo-(1-methoxyethoxy)benzene 

Using p-bromophenol (17.3 g, 0.1 mole) and methyl vinyl ether (14.0 g, 0.2 mole), the reaction was carried 
15 out in the same manner as described in Synethsis Example 1,(1), and the crude oil (24 g) was purified by 
distillation under reduced pressure to afford 20.8 g of p-bromo-(1-methoxyethoxy)benzene as a pale yellow 
oil having a boiling point 89 - 90°C/2 mmHg, (266 Pa) 

1 HNMR 8 ppm (CDCI 3 ): 1.46 (3H, d, J=5Hz, OCHChfe), 3.37 (3H, s, -OCH 3 ), 5.29 (1H, q, J=5.5Hz, 
OCHCH 3 ), 6.86 (2H, d, J=8.8Hz, Aromatic 2-H, 6-H), 7.36 (2H, d, J=8.8Hz, Aromatic 3-H, 5-H). 
20 IR(Neat) v cm-*: 3000, 2940, 2850, 1590, 1580, 1490. 

(2) Synthesis of p-(1-methoxyethoxy)styrene 

Using p-bromo-(1-methoxyethoxy)benzene (11 .6 g) obtained in above (1), the reaction was carried out in 
the same manner as described in Synthesis Example 1, (2), and the crude oil (10.7 g) was distilled under re- 
duced pressure in the presence of a few milligrams of p-tert-butylcatechol as an inhibitor to give 8.8 g of p-(1- 
methoxyethoxy)styrene as a colorless oil having a boiling point of 86- 87°C/3 mmHg (399Pa) 

_ 1HNMR 8 ppm (CDCI3): 1.46 (3H, d, J=5.5Hz, OCHCH3), 3.37 (3H, s, CHa), 5.12 (1H, d. J=11Hz, 
CH2-CH-), 5.30 (1H. q, J=5.1Hz and J=5.5Hz, OCHCH 3 ), 5.60 (1H, d, J=17.6Hz, CH^CH-), 6.64 (1H, dd, 
J=11Hz and J=17.6Hz, CH 2 =CH-), 6.95 (2H, d, J=8.8Hz, Aromatic 3-H, 5-H), 7.32 (2H, d, J=8.8Hz, Aromatic 
2-H, 6-H). 

IR(Neat) v cm-*: 2980, 2920, 2820, 1620 (C=0), 1600, 1500. 
Anal, calcd. for C^HuQ* C%, 74.13; H%, 7.92. 
Found: C%, 74.41 ; H%, 7.88. 

(3) Free radical polymerization of p-(1-methoxyethoxy)styrene 

Using P-(1-methoxyethoxy)styrene (8.0 g) obtained in above (2), the polymerization was carried out in 
the same manner as described in Synthesis Example 1, (3), and the resultant viscous oil was washed with 
methanol and concentrated in vacuo to give 7.2 g of poly (1 -met hoxyethoxy)styrene as a pale yellow viscous 
oil having Mw 10000 and Mn 5000 (GPC with polystyrene calibration). 

(4) Synthesis of poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene] 

Using poly(1-methoxyethoxy)styrene (6.2 g) obtained in above (3), the reaction was carried out in the 
same manner as described in Synthesis Example 1 , (4) to afford 3.0 g of the title compound as a white powder 
having Mw 9000 and Mw/Mn = 1.8 (GPC with polystyrene calibration). The composition of the polymer was 
found to be p-(l-methoxyethoxy)styrene unit and p-hydroxystyrene unit in a molar ratio of ca. 45:55 based on 
1 HNMR. 

Synthesis Example 7 Synthesis of polylp-(1-methoxy-1-methylethoxy)styrene/p-hydroxystyrene] 

To a solution of poly(p-hydroxystyrene) (4.0 g) obtained in the same manner as described in Synthesis 
Example 3, (2) and 2-methoxy-1-propene (4.8 g) in a mixed solvent (35 ml) of pyridine and 1,4-dioxane, a cat- 
alytic amount of chlorosulfonic acid was added and then reacted with stirring at room temperature for 20 hours. 
After reaction, the reaction was carried out in the same manner as described in Synthesis Example 3, (3) to 
give 4.1 g of polytp-(1-methoxy-1-methylethoxy)styrene/p-hydroxystyrene as a white powder having Mw 
10000 (GPC with polystyrene calibration). The composition of the polymer was found to be p-(1-methoxy-1- 
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methoxy)styrene unit and p-hydroxystyrene unit in a moiar ratio of ca. 1:1 based on 1 HNMR. 

Synthesis Example 8 Synthesis of poly[p-(1-n-butoxy ethoxy)styrene/p-hydroxystyrene] 

To a solution of poly(p-hydroxystyrene) (4.8 g) obtained in the same manner as described in Synthesis 
Example 3, (2) and n-butyl vinyl ether (3.0 g) in a mixed solvent (50 ml) of pyridine and 1 ,4-dioxane, a catalytic 
amount of cone, sulfuric acid was added, then continued to stir at room temperature for 1 6 hours. The reaction 
mixture was treated in the same manner as described in Synthesis Example 3, (3) to give 4.2 g of poly[p-(1- 
n-butoxyethoxy)styrene/p-hydroxystyrene] as a white powder having Mw 10000 (GPC with polystyrene cali- 
bration). The composition of the polymer was found to be p-(1-n-butoxyethoxy)styrene unit and p-hydroxys- 
tyrene unit in a molar ratio of 4:6 based on 1 HNMR. 

Synthesis Example 9 Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/fumaronitrile] 

(1) Free radical polymerization of p-tert-butoxystyrene and fumaronitrile 

A solution of p-tert-butoxystyrene (28.2 g, 0.16 mole) and fumaronitrile (3.1 g, 0.04 mole) in toluene con- 
taining catalytic amount of 2,2*-azobis(methyl 2-methylpropionate) was heated at 90°C for 2 hours under ni- 
trogen. After reaction, the reaction mixture was poured into methanol to precipitate a polymer. The polymer 
was filtered, washed and dried in vacuo to give 21.3 g of poly(p-tert-butoxystyrene-fumaronitrile) as a white 
powder. 

(2) Synthesis of poly(p-hydroxystyrene/fumaronitriIe) 

Using poly(p-tert-butoxystyrene/fomaronitrile) (20.0 g) obtained in above (1), the reaction was carried out 
in the same manner as described in Synthesis Example 3, (2) to afford 10.6 g of the desired product as a white 
powder having Mw 10000 (GPC with polystyrene calibration). 

(3) Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/fumaronitrile] 

Using poly(p-hydroxystyrene/fumaronitri!e) (9.0 g) obtained in above (2) and ethyl vinyl ether (3.0 g), the 
reaction was carried out in the same manner as described in Synthesis Example 3, (3) to give 8.8 g of the 
desired product as a white powder having Mw 11000 (GPC with polystyrene calibration). The composition of 
the polymer was found to be p-(1-ethoxyethoxy)styrene unit and p-hydroxystyrene unit in a molar ratio of ca. 
4:6 based on 1 HNMR. 

Synthesis E xample 10 Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/tert-butyl methacry- 
latej 

(1) Free radical polymerization of p-(l-ethoxyethoxy) styrene and tert-butyl methacrylate] 

Asolution of p-(1-ethoxyethoxy)styrene (17.3 g, 0.09 mole) obtained in Synthesis Example 1, (2) and tert- 
butyl methacrylate (1.4 g, 0.01 mole) in toluene containing catalytic amount of 2,2'-azobis(methyt 2,4-dime- 
thylpropionate) was heated at 80°C for 8 hours under nitrogen. After cooling, the reaction mixture was poured 
into petroleum ether with stirring, standed, and then decanted. The resultant viscous oil was washed twice 
with methanol (500 ml) and concentrated under reduced pressure to give 15.5 g of poly[p-(1-ethoxyethoxy)- 
styrene/tert-butyl methacrylate] as a pale yellow viscous oil having Mw 12000 (GPC with polystyrene calibra- 
tion). 

(2) Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/tert-butyl methacrylate] 

Asolution of poly[p-(1-ethoxyethoxy)styrene/tert-butyl methacrylate] (12.0 g) obtained in above (1) in 1,4- 
dioxane, was added with p-toluenesulfonic acid (0.5 g) and reacted with stirring at 80°Cfor 30 minutes. After 
cooling, the reaction mixture was poured into H 2 0 (1 liter) to precipitate a polymer. The polymer was filtered 
by suction, washed with hfeO and dried in vacuo to give 9.8 g of the desired product as a white powder having 
Mw 11000 (GPC with polystyrene calibration). The composition of the polymer was found to be p-(1-ethoxye- 
thoxy)styrene unit and p-hydroxystyrene unit in a molar ratio of ca. 35:65 based on 1 HNMR analysis. 
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Synthesis Example 11 Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene] 

(1) Free radical polymerization of p-(l-ethoxyethoxy) styrene 

Asolution of p-(1-ethoxyethoxy)styrene (19.2 g) obtained in Synthesis Example 1, (2) in 1,4-dioxane con- 
taining catalytic amount of 2,2'-azobis(methyl 2-methylpropionate) was polymerized at 80°C for 3 hours and 
then 90°C for 4 hours under nitrogen. After cooling, the reaction mixture was poured into methanol (1000 ml) 
with stirring, standed, and then decanted. The resultant viscous oil was washed twice with methanhol (500 
ml) and concentrated under reduced pressure to give 18.5 g of poly[p-(1-ethoxyethoxy)styrene] as a pale yel- 
low viscous oil having Mw 25000 (GPC with polystyrene calibration). 

(2) Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene] 

Using polyft>-(1-ethoxyethoxy)styrene] (16.5 g) obtained in above (1), the polymerization and treatment 
were carried out in the same manner as described in Synthesis Example 1 , (4) to give 13.5 g of the title com- 
pound as a white powder having Mw ca. 22000 (GPC with polystyrene calibration). The polymer was found to 
have p-(1-ethoxyethoxy)styrene unit and p-hydroxystyrene unit in a molar ratio of ca. 35:65 based on 1 HNMR 
analysis. 

Synthesis Example 12 Synthesis of poly[p-(1-ethoxyethoxy)styrene/p-tert-butoxystyrene/p-hydroxystyrene] 

(1) Synthesis of poly(p-tert-butoxystyrene/p-hydroxystyrene) 

To a solution of poly(p-tert-butoxystyrene) (20 g) obtained in Synthesis Example 3, (1) in 1,4-dioxane, cone. 
HCI (4 ml) was added and ref luxed with stirring for 2 hours. After cooling, the treatment was carried out in the 
same manner as described in Synthesis Example 3, (2) to afford 12.0 g of the title compound as a white powder. 
The polymer was found to have p-tert-butoxystyrene unit and p-hydroxystyrene unit in a molar ratio of ca. 1 9 
based on j HNMR analysis. 

(2) Synthesis of poly(p-(1-ethoxyethoxy)styrene/p-tert-butoxystyrene/p-hydroxystyrene] 

Using poly(p-tert-butoxystyrene/p-hydroxystyrene) (6.3 g) obtained in above (1) and ethyl vinyl ether (1 .0 
g), the reaction and treatment were carried out in the same manner as described in Synthesis Example 3, (3) 
to give 4.6 g of the title compound as a white powder having Mw ca. 1 0000 (GPC with polystyrene calibration). 
The polymer was found to have p-(1-ethoxyethoxy)styrene unit, p-tert-butoxystyrene unit and p-hydroxystyr- 
ene unit in a moalr ratio of ca. 25:1 0:65 based on 1 HNMR analysis. 

Reference Example 1 Synthesis of poly(p-tetrahydro-pyranylstyrene/p-hydroxystyrene) 

To a solution of poly(p-hydroxystyrene) (9.0 g) [MARUKA LYNCUR-M, manufctured by Maruzen Petro- 
chemical Co., Ltd., Mw 10000 and Mn 5000] in dimethoxyethane (100 ml), 3,4-dihydro-2H-pyran (12.6 g) and 
cone, sulfuric acid (0.5 ml) were added, followed by reaction at 30 - 40°C for 15 hours with stirring. After re- 
action, the mixture was evaporated in vacuo, the residue was neutralized by addition of sodium carbonate and 
poured into H 2 0 (1 liter). The precipitate was filtered by suction, washed with H 2 0 and dried under reduced 
pressure to give 1 1 .0 g of the title compound as a white powder having Mw 1 0000 (GPC with polystyrene cal- 
ibration). The composition of the polymer was found to be p-tetrahydropyranyloxystyrene unit and p-hydrox- 
ystyrene unit in a molar ratio of ca. 3:7 based on 1 HNMR. 

Reference Example 2 Synthesis of poly(p-tert-butoxystyrene/p-hydroxystyrene) 

To a solution of poly(p-hydroxystyrene) (4.0 g) [MARUKA LYNCUR-M, manufactured by Maruzen petro- 
chemical Co.. Ltd., Mw 10000 and Mn 5000] in dimethoxyethane (70 ml) in a pressure vessel, isobutyrene (60 
g) and cone, sulfuric acid (0.3 g) were added at -60°C or lower. The mixture was brought to 45°C for 1 hour 
with stirring, and then stirring was continued at room temperature for 22 hours. After reaction, the mixture was 
evaporated, and the residue was neutralized by sodium carbonate and poured into H 2 Q. The precipitate was 
filtered by suction, washed was H 2 0 and dried in vacuo to give 4.1 g of poly(p-tert-butoxystyrene/p- 
hydroxystyrene) as a white powder having Mw 10000 (GPC with polystyrene calibration). 'HNMR analysis in- 
dicated that 50% of p-hydroxy group was converted into p-tert-butoxy group. 

19 



EP 0 588 544 A2 



Reference Example 3 Synthesis of poly(p-tert-butoxy carbonyloxystyrene/p-hydroxystyrene) 

(1) A solution of p-tert-butoxycarbonyloxystyrene (22 g f 0.1 mole) obtained by the method of USP 
4,491 ,628 (1985) in toluene containing catalytic amount of 2,2'-azobis(2,4-dimethylvaleronitrile) was heat- 

5 ed at 90°C for 4 hours under nitrogen. After cooling, the reaction mixture was poured into methanol and 

polymer was precipitated. The polymer was filtered, washed with methanol and dried under reduced pres- 
sure to give 15.2 g of poly(p-tert-butoxycarbonyloxystyrene) as a white powder having Mw 12000 (GPC 
with polystyrene calibration). 

(2) To a solution of poly(p-tert-butoxycarbonyloxystyrene) (7.0 g) obtained in above (1) in 1,4-dioxane, 
10 cone, hydrochloric acid (5 ml) was added and continued to stir under reflux for 1.5 hours. After cooling, 

the reaction mixture-was poured into H 2 0 (1 liter) and the polymer was precipitated. The polymer was fil- 
tered by suction, washed with H 2 0 and dried in vacuo to afford 4.8 g of poly(p-tert- 
butoxycarbonyloxystyrene/p-hydroxystyrene) as a white powder having Mw 9500 (GPC with polystyrene 
calibration). The composition of the polymer was found to be p-tert-butoxycarbonyloxystyrene unit and p- 
15 hydroxystyrene unit in a molar ratio of ca. 1 :1 based on 1 HNMR analysis. 

Reference Example 4 Synthesis of diphenyldisulfone 

Sodium benzenesulfinate dihydrate (100 g, 0.5 mole) was added in a small portion to 5% aqueous HCI at 
20 room temperature, continued to stir for 30 minutes at the same temperature and the precipitate was filtered 
off. A solution of triethylamine (42.6 g, 0.42 mole) in water (85 ml) was added dropwise to the filtrate at 5°C 
or lower, and then benzenesulfonyl chloride (88.3 g, 0.42 mole) was added dropwise to the mixture at 0 - 5°C, 
continued to react with stirring for 30 minutes at room temperature. After reaction, the precipitate was filtered 
and washed with water. The resultant solid (38 g, wet) was recrystallized from benzene to give 7.2 g of diphe- 
25 nyldisulfone as prisms having a melting point of 1 88.5 - 1 90.0°C. 
1 HNMR 5 ppm (CDd 3 ): 7.65 - 8.05 (10H, m, Aromatic) 
IR(KBr) v cm-1: 1580, 1440, 1340, 1330, 1300 

Reference Example 5 Synthesis of p-tolyl phenyl disulfone 

30 

Using sodium p-toluenesulf inate in place of sodium benzenesulfinate dihydrate, the reaction and treatment 
were carried out in the same manner as described in Reference Example 4. The resultant crude solid was re- 
crystallized from benzene to afford 9.5 g of p-tolyl phenyl disulfone as prisms having a melting point of 153.5 
- 154.5°C. 

35 1HNMR 8 ppm (CDCI3): 2.51 (3H, s, CH3), 7.43 (2H, d, J=8Hz, p-Tolyl ring 2-H, 6-H), 7.55 - 7.98 (7H, 

m, p-Tolyl ring 3-H, 5-H and Phenyl ring). 
IR(KBr) v cm-': 1595, 1450, 1348 

Reference Example 6 Synthesis of di p-tolyl disulfone 

40 

Using sodium p-toluenesulf inate (22.3 g, 0.125 mole) and p-toluenesulfonyl chloride (23.8 g, 0.12 mole), 
the reaction and treatment were carried out in the same manner as described in Reference Example 4. The 
resultant crude solid was recrystallized from toluene to give 9.3 g of di p-tolyl disulfone as prisms having a melt- 
ing point of 204.5 - 205°C. 

45 1 HNMR 6 ppm (CDCI 3 ): 2.51 (6H, s, CH^), 7.43 (4H, d, J=8.4Hz, Aromatic (2-H, 6-H) x 2), 7.84 (4H, d, 

J=8.4Hz, Aromatic (3-H, 5-H) x 2). 
IR(KBr) v enr 1 : 1345 

Reference Example 7 Synthesis of p-tolyl n-butyl disulfone 

50 

(1) Synthesis of p-toluenesulfonylhydrazide 

To a solution of p-toluenesulfonyl chloride (40 g) in tetrahydrofuran (70 ml), 85% hydrazine hydrate (27 ml) 
was added dropwise at 10 - 15°C, continued with stirring for 30 minutes at the same temperature, and the 
55 precipitate was filtered. The precipitate was recrystallized from methanol to give 15.8 g of p-toluenesulfonyl- 
hydrazide as white crystals having a melting point of 109 - 112°C. 

1 HNMR 8 ppm (CDCI3): 2.35 (3H, s, CH^), 4.26 (2H, bs, -NHNH2). 7.38 (2H, d, J=8Hz, Aromatic 3-H, 5- 
H), 7.67 (2H, d. J=8Hz, Aromatic 2-H, 6-H), 8-28 (1H, bs, -NHNH2) . 
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IR(KBr) v cnr 1 : 3388, 3262. 1315. 

(2) Synthesis of N-p-toluenesulfonyl-N'-n-butyisulfonylhyrazine 

5 To a solution of p-toluenesulfonylhydrazide (4.66 g, 0.025 mole) obtained in above (1) in pyridine (5 ml), 

n-butylsulfonyt chloride (3.92 g, 0.025 mole) was added dropwise.at 3 - 8°C, continued with stirring for 30 min- 
utes at 10 - 15°C, and standed overnight at 15 - 20°C. The reaction mixture was poured into dil. HCI (1000 ml), 
and the precipitate was filtered, and recrystallized from toluene to afford 4.84 g of N-p-toluenesulfonyl-N'-n- 
butyisulfonyl hydrazine as white crystals having a melting point of 124 - 126.5°C. 

10 1 HNMR 8 ppm (CDCt 3 ): 0.86 (3H, t, J=7.3Hz, CH* CH 2 CH 2 ChV), 1.28 - 1.44 (2H, m, CH 3 CH^ CH 2 

CH r ), 1.54 - 1.68 (2H, m, CH 3 CH 2 CH2 CH^), 2.39 (3H, s, CH^), 3.00 (2H, t, J=7.6Hz, SC^ CH^ CH2-), 7.42 
(2H, d, J=8Hz, Aromatic 3-H, 5-H), 7.69 (2H, d, J=8Hz, Aromatic 2-H, 6-H), 9.21 (1H, bs, -NHNHS0 2 CHr, 
9.92 (1H, bs, NHNHS0 2 .CH 2 CHr). 

IR(KBr) v cnH: 3236, 3192, 1330. 

15 

(3) Synthesis of Synthesis of p-tolyl n-pbutyl disulfone 

To N-toluenesulfonyl-N'-n-butylsulfonylhydrazine (1 g, 3.26 mmole) obtlained in above (2), 65% nitric acid 
(1.9 g, 19.5 mmole) was added dropwise at 10°C or below, and continued to stir for 1 hour at 5 - 10°C. The 
20 reaction mixture was poured into ice-cold H 2 0. The precipitate was filtered, washed with H 2 0 and dried under 
reduced pressure. The crude solid (0.3 g) was recrystallized from n-hexane (15 ml)/ethyl acetate (3 ml) to give 
0.2 g of p-tolyl n-butyl disulfone as white needles having a melting point of 67.5 - 70.0°C. 

1 HNMR 5 ppm (DMSO-d 6 ): 0.87 (3H, t, J=7.3Hz, CH* CH 2 CH 2 CH r ) f 1 .33 - 1 .49 (2H, m, CH 3 CH^ CH 2 
CHz-), 1.67 - 1.82 (2H, m, CH 3 , CH 2 CfckCHz-), 2.49 (3H, s, CH^), 3.69 (2H, t, J=7.6Hz, S0 2 CH2 CH2-), 7.63 
25 (2H, d, J=8Hz, Aromatic 3-H, 5-H). 7.92 (2H, d, J=8Hz, Aromatic 2-H, &-H). 
IR(KBr) v cm-i: 1348 (SOJ. 

Reference Example 8 Synthesis of 3-phenyl-5,6,7,8-tetrahydro-2,1-benzoxathiin-1 ,1-dioxide 

30 (1) Synthesis of 2-(cyclohexen-1-yl)-1-phenylethanone 

To a solution of acetophenone (72 g, 0.6 mole) and cyclohexanone (59 g, 0.6 mole), a solution of sodium 
ethoxide (41 g) in ethanol (1000 ml) was added dropwise 0 - 5°C. The reaction was continued with stirring for 
8 hours at the same temperature, then for 9 hours at 15 - 20°C. The reaction mixture was concentrated under 

35 reduced pressure, the residue was poured into a solution of cone. Ha (60 ml) in H 2 0 (3500 ml), extracted with 
ethyl acetate (1000 ml x 2), and the organic layer was washed with H 2 0 and dried over anhydrous MgS0 4 . 
The dryer was filtered off, the filtrate was concentrated under reduced pressure, and the resultant residue (98 
g) was distilled under reduced pressure to afford 15.6 g of 2-(cyclohexen-1-yl)-1-phenylethanone as a yellow 
viscous oil having a boiling point of 130 - 140°C/4 mmHg (532Pa). 

40 1 HNMR 8 ppm (CDCI 3 ): 1.36 - 2.54 (8H, m, cydohexene ring CH^ x 4), 3.13 (2H, s, CHJ, 5.57 (1H, s, 

cyciohexene ring CH=), 7.38 - 7.62 (3H. m, Aromatic 3-H, 4-H, 5-H), 7.90 - 8.05 (2H, m, Aromatic 2-H, 6-H). 
IR(Neat) v enrr 1 : 1685 (C=0) 

(2) Synthesis of 3-phenyl-5,6,7,8-tetrahydro-2,1-benzoxathiin- 1,1 -dioxide 

45 

To a solution of 2-(cyclohexen-1-yl)-1-phenylethanone (7.8 g, 39 mole) obtained in above (1) in acetic an- 
hydride (9.3 g, 92 mmole), sulfuric acid (3.8 g) was added dropwise at -10°C, and continued to stir for 7 hours 
at 0 - 5°C. Cold H 2 0 (8 ml) was added to the reaction solution. The precipitate was filtered, washed with H 2 O f 
petroleum ether and then cold methanol. The crude solid (3.9 g) was recrystallized from methanol to give 1 .5 
so g of 3-phenyl-5,6,7,8-tetrahydro-2 f 1-benzoxathiin-1,1-dioxide as pale yellow crystals having a melting point 
of132-136°C. 

1 HNMR8 ppm (CDCI 3 ): 1.41 - 2.67 (8H, m, 2,1-benzoxathiin ring CH 2 x4), 6.30 (1 H, s, 2.1-benzoxathiin 
ring -CH=), 7.31 - 7.47 (3H, m. Aromatic 3-H, 4-H, 5-H). 7.53 - 7.72 (2H, m, Aromatic 2-H, 6-H). 
IR(KBr) v cmri; 1365 (SO£. 1180 (SOJ 

55 

Reference Example 9 Synthesis of 4,6-dimethyt-1 ,2-oxathiin-2,4-dioxide 



To a solution of 4-methyl-3-penten-2-one (22.6 g, 0.23 mole) in acetic anhydride (55.4 g, 0.54 mole), sul- 
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func acid (23.8 g. 0.24 mole) was added dropwise at -1 0 - -5°C, and reacted with stirring for 6 hours at 0 - 5°C. 
Cold H 2 0 (250 ml) was added to the solution. The precipitate was filtered, washed with H 2 0 and dried under 
reduced pressure. The crude solid (17.1 g) was recrystallized from benzene/n-hexane to give 10.8 g of 4 6- 
dimethyl-1 ,2-oxathiin-2,2-dioxide having a melting point of 68 - 70°C. 

1 HNMR 8 ppm (CDCIj): 2.04 (3H, s. CH3), 2.15 (3H. s, CH3). 5.61 (1H. s. -CH=). 6.26 (1H, s, -CH=). 
IR(KBr) vcmi; 1340 (SOj), 1165 (SOz). ~ 

Reference Example 10 Synthesis of 2,2-bis(p-toluene-sulfbnyl)propane 

Astream of dry hydrogen chloride was introduced into a solution of p-thiocresol (20 g, 0.16 mole) and acet- 
one (4.7 g, 0.08 mole) in ethyl ether (50 ml) for 1.5 hours at 0 - 10°C. After reaction, the reaction mixture was 
washed with saturated sodium bicarbonate aqueous solution, and the solvent was removed. The residue was 
diluted with acetone (120 ml) and H 2 0 (1 0 ml), sodium tungstate (500 mg) was added, 30% hydrogen peroxide 
(85 g) was added dropwise at 40 - 50°C, reacted with stirring for 3.5 hours under reflux. Cold H 2 0 (400 ml) 
was poured into the reaction mixture. The precipitate was filtered, washed with H 2 0 and dried. The crude solid 
(4.8 g) was recrystallized from ethanol to afford 2.5 g of 2.2-bis(p-toluenesulfbnyl)(propane as white crystals 
having a melting point of 1 56 - 1 58.5°C. 

-*.u «2 Nli !f 1 or£ DC,3): 170 (6H ' S * CdaX 2)> 2 47 < 6H ' s ' Pn-CHaX 2). 7.38 (4H. d, J=8Hz. (Aromatic 
3-H, 5-H) x 2). 7.89 (4H, d, J=8Hz), (Aromatic 2-H, 6-H) x 2). 

20 IR(KBr) v cm-': 1 325 (SOJ, 1 305 (SOz). 

Reference Example 11 Synthesis of p-tolyl p-chlorophenyl disulfone 

(1) Synthesis of N-p-toluenesulfonyl-N'-p-chlorophenylsulfonylhydrazine 

Using p-toluenesulfonylhydrazide (5.04 g. 27 mmole) obtained in Reference Example 7, (1) and p-chloro- 
benzenesulfonyl chloride (5.68 g, 27 mmole), reaction and treatment were carried out in the same manner as 
descnbed in Reference Example 7, (2). The crude solid was recrystallized from methanol to give 4.52 g of N- 
P-toluenesulfonyl-N'-p-chlorophenylsulfonylhydrazine as white crystals. 

JHNMR 8 ppm (DMSO-d 6 ): 2.40 (3H. s, CH 3 ). 7.37 - 7.77 (8H. m. Aromatic), 9.66 (1 H. bs, NH). 9.77 (1 H, 
bs, NH) . 
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(2) Synthesis of p-tolyl p-chlorophenyl disulfone 



Using N-p-toluenesulfonyl-N'-p-chlorophenylsulfonylhydrazine (2.00 g. 5.54 mmole) obtained in above (1) 
reacbon and treatment were carried out in the same manner as described in Reference Example 7 (3) The 
crude solid was recrystallized from toluene to give 1.15 g of p-tolyl p-chlorophenyl disulfone as white prisms 
having a melting point of 1 61 .0 - 1 61 .5°C (decomp.). 

1 HNMR 8 ppm (CDd 3 ): 2.52 (3H, s, Chfe), 7.44 - 7.92 (8H. m. Aromatic). 
40 IR(KBr) v cm-': 1349 (SO^. 

Reference Example 12 Synthesis of p-tolyl isopropyl disulfone 

(1) Synthesis of N-p-toluenesulfonyi-N'-isopropylsulfbnylhydrazine 



Using p-toluenesulfonylhydrazide (4.66 g, 0.025 mole) obtained in Reference Example 7, (1) and isopro- 
pylsulfonyl chloride (3.57 g, 0.025 mole), reaction and treatment were carried out in the same manner as de- 
scribed in Reference Example 7. (2). The crude solid (5.7 g) was chromatographed on silica gel (Wakogel C- 
200, manufactured by Wako Pure Chemical Industries, Ltd.) with n-hyexane/ethyl acetate (8-1 5/1 1/1) 
SntoM Sr"wc 9 ° f N " P " t0,UeneSulfony, " N '' isopropy,sulfon y |h y drazine as white crystals having a melting 
1 HNMR 8 ppm (CDCI 3 )/DMSO-d 8 ): 1.26 (6H, d, J=7Hz (CHa) 2 CH-). 2.36 (3H, s. CHa), 3.28 - 3.47 (1H 

Mufo ' 7 25 (2H " d * J=8H2 ' Aromatic S*")' 7 70 < 2H ' d > J=8 H. Aromatic 2-H. 6-H), 8.49 (1H, d, J=2Hz,' 
NH), 9.49 (1H, d, J=2Hz, NH) . 

55 IR(KBr) v cm-i: 3207 (NH), 1335 (SO J. 
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(2) Synthesis of p-tolyl isopropyl disuifbne 

Using N-p-toluenesulfdnyl-N'-isopropylsulfonylhydrazine (1 .20 g f 0.041 mole) obtained in above (1), reac- 
tion and treatment were carried out in the same manne as described in Reference Example 7, (3). The crude 
solid was recrystallized from n-hexane/ethyl acetate to afford 0.35 g of p-tolyl isopropyl disulfone as white crys- 
tals, having mp. 150 - 152°C (decomp.). 

1 HNMR 5 ppm (DMSO-d 6 ): 1.39 (6H, d, J=7Hz, (CH^ CH-), 2.45 (3H, s, CH3), 3.92 - 4.07 (1 H, m, CH), 
7.59 (2H, d, J=8Hz, Aromatic 3-H, 5-H), 7.87 (2H, d, J=8Hz, Aromatic 2-H, 6-H). 
IR(KBr) v cnrr': 1341 (SO£. 

Reference Example 13 Synthesis of p-tolyl benzyl disulfone 

(1) Synthesis of N-p-toluenesulfonyl-N'-benzylsulfonyl hydrazine 

Using p-toluenesulfonylhydrazide (5.03 g, 0.027 mole) obtained in Reference Example 7, (1) and benzyl- 
sulfonyl chloride (5.15 g, 0.027 mole), reaction and treatment were carried out in the same manner as described 
in Reference Example 7, (2). The crude solid was recrystallized from ethanol to give 5.86 g of N-p-toluenesul- 
fbnyl-N'-benzylsulfonylhydrazine as white crystals, having mp. 183 - 185°C. 

'HNMR 8 ppm (DMSO-d 6 ): 2.40 (3H, s, CH^), 4.34 (2H, s, S0 2 , Chfe-), 7.35 - 7.44 (7H, m, p-Tolyl 3-H, 
20 5-H and Phenyl ring), 7.73 (2H, d, J=8.4Hz, p-Tolyl 2-H, 6-H), 9.38 (1H f s, NH). 10.08 (1H, s, NH) 
IR(KBr) v crrH: 3456 (NH), 3250 (NH), 1342 (SO*), 1329 (SOJ. 

(2) Synthesis of p-tolyl benzyl disulfone 

Using N-p-toluenesulfonyl-N'-benzylsulfonylhydrazine (2.0 g, 5.8 mmole) obtained in above (1), reaction 
and treatment were carrie dout in the same manner as described in Reference Example 7, (3). The resultant 
crude solid was recrystallized from methanol to give 0.81 g of p-tolyl benzyl disulfone as white crystals having 
a melting point of 149 - 150.5°C (decomp.). 

, « J" NMR 6 PPm < DMSO - d *> : 2 47 < 3H ' s * c tb). 5.13 (2H, s, SOa CH*-), 7.33 - 7.49 (5H, m, Phenyl ring), 
7.58 (2H, d, J=8.4Hz, prolyl 3-H, 5-H), 7.85 (2H. d, J=8.4Hz, p-tolyl 2-H, 6-H). 
IR(KBr) v crrr 1 : 1350 (SOJ 
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Reference Example 14 Synthesis of p-tolyl p-methoxyphenyl disulfone 

35 (1 ) Synthesis of N-p-toluenesulfbnyl-N'-p-methoxybenzenesulfonylhydrazine 

Using p-toluenesulfonylhydrazide (4.66 g, 0.025 mole) obtained in Reference Example 7, (1) and p-me- 
thoxybenzenesulfonyl chloride (5.1 7 g, 0.025 mole), reaction and treatment were carried out in the same man- 
ner as described in Reference Example 7, (2). The crude solid was recrystallized from acetone to give 2.75 g 

of N-p-toluenesulfonyl-N'-p-methoxybenzenesulfonylhydrazine as white needles, having mp. 209 - 210 5°C 
(decomp.). 

'HNMR 6 ppm (DMSO-d 6 ): 2.39 (3H, s. CHa), 3.84 (3H, s, CH* O), 7.10 (2H, d, J=8.8Hz, p-MeO-Ph 3- 
H, 5-H9, 7.38 (2H, d, J=8.4Hz, p-Tolyl 3-H, 5-H), 7.64 (2H, d, J=8.4Hz, p-Tolyl 2-H. 6-H), 7.68 (2H, d, J=8.8Hz 
p-MeO-Ph 2-H, 6-H), 9.48 (1H, bs, NH), 9.56 (1H, bs. NH). 
45 IR(KBr) v cm-': 3206 (NH), 1341 (S0 2 ). 

(2) Synthesis of p-tolyl p-methoxyphenyl disulfone 

Using N-p-toluenesulfonyl-N'-p-methoxybenzenesulfonyl hydrazine (2.00 g, 5.61 mmole) obtained in 
so above (1), reaction and treatment were carried out in the same manner as described in Reference Example 
7, (3). The crude solid was recrystallized from acetone to give 1.10 g of p-tolyl p-methoxyphenyl disulfone as 
white crystals having a melting point of 1 74 - 1 76°C (decomp.). 

1 HNMR 8 ppm (DMSO-d 6 ): 2.47 (3H, s, CHj), 3.93 (3H, s, CH* O), 7.26 (2H, d, J=8.8Hz. p-MeOPh 3- 

55 " MeO /h? H 8-H) J=8 ' 4H2, ^ ^ 7 ^ J=8 4H2, ^ T ° ly * 2 ~ H| ***** 7 73 (2H ' d ' J=88Hz . 

IR(KBr) v cm-': 1342 (SOa). 
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Reference Example 15 Synthesis of p-tolyl octyl disulfone 

(1) Synthesis of N-p-toluenesulfbnyl-N'-octanesulfonylhydrazine 

5 Using p-toluenesulfonylhydrazide (4.66 g, 0.025 mole) obtained in Reference Example 7, (1) and octane- 

sulfonyl chloride (5.32 g, 0.025 mole), reaction and treatment were carride out in the same manner as described 
in Reference Example 7, (2). The crude solid was recrystallized from n-hexane/methylene dichloride to give 
3.65 g of N-p-toluenesulfonyl-N'-octanesulfonythydrazine as white crystals having a melting point of 95 - 98°C. 
iHNMR 8 ppm (DMSO-d 6 ): 0.89 (3H, t, J=6.7Hz, -(CH^CH^), 1.12 - 1.43 (10H, m, -CH 2 (CH^ CH 3 ), 
10 1.53-1 .72 <2H, m, -S0 2 CH 2 Chfe. CH^), 2.40 (3H f s, CH* -Ph), 3.01 <2H, t, J=7.6Hz, S0 2 CH* CHj-), 7.42 
(2H. d, J=8.1 Hz, Aromatic 3-H, 5-H), 7.64 (2H, d, J=8.1 Hz, Aromatic 2-H, 6-H), 9.20 (1 H, d, J=2.4Hz, NH), 9.91 

(1H,d,J=2.4Hz,NH). 

IR(KBr) v cm-i: 3236 (NH), 1346 1325 (S0 2 ). 

15 (2) Synthesis of p-tolyl octyl disulfone 

Using N-p-toluenesulfbnyl-N'-octanesulfonylhydrazine (2.00 g, 5.4 mmole) obtained in above (1), reaction 
and treatment were carried out in the same manner as described in Reference Example 7, (3). The crude solid 
was recrystallized from n-hexane/methylene dichloride to give 1 .05 g of p-tolyl octyl disulfone as white needles 
20 having a melting point of 56.5 - 57.5°C. 

iHNMR 5 ppm (DMSO-d e ): 0.86 (3H, t, J=6.6Hz. -(CH^ CH 3 ). 1.15-1.47 (10H, m, -CH 2 (CH2) 5 CH 3 ), 
1.74 (2H, m, J=5.9Hz, S0 2 CH 2 CH^ CH^), 2.50 (3H, s, CH 3 -Ph), 3.69 (2H, t, J=5.1Hz, -S0 2 Chfe CH 2 -), 7.63 
(2H, d, J=8.1Hz, Aromatic 3-H, 5-H), 7.92 (2H, d, J=8.1Hz, Aromatic 2-H, 6-H). 
IR(KBr) v cm- 1 : 1 346 (SCy. 
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Using the following resist material, a pattern was formed as mentioned below. 



Poly[p-(1-ethoxyethoxy)styrene-p-hydroxystyrene] (polymer of Synthesis Example 1) 
Diphenyldisulfone (acid generator of Reference Example 4) 
Diethylene glycol dimethyl ether 



20.0 g 
0.1 g 
80.0 g 



55 



Figs. 1A and 1B are cross-sectional views explaining the process for forming a fine pattern according to 
the present invention. 

The resist material having the above composition was spin coated (2000 rpm, 60 sec.) on a semiconductor 
substrate 11 and prebaked at 90°C or 90 seconds on a hot plate to form a resist film 1 2 having a film thickness 
of 1 .0 urn. The resist film was imagewisely exposed to electron beams 1 3 at an accelerating voltage of 50 Ke V 
and dosage of 0.1 to 300 uC/cm 2 , followed by baking at 100°C for 90 seconds on the hot plate. Then, devel- 
opment was conducted using an alkaline developer (2.38% TMAH aqueous solution) for 60 seconds to give a 
positive- working pattern. 

Fig. 2 shows a sensitivity curve showing a relationship between the normalized remaining film thickness 
and the dose in the pattern formation. The sensitivity curve shows that sensitivity of this resist film is about 
0.5 uC/cm 2 . 

On the other hand, when this resist film was imagewisely exposed to electron beams at an accelerating 
voltage of 50 KeV and dosage of 1 uC/cm 2 (Fig. 1A) and baked at 100°C for 90 seconds, followed by devel- 
opment for 60 seconds, there was obtained a precise, fine positive-working pattern 1 2 p (Fig. 1 B). The resulting 
minimum pattern had a vertical shape with 0.2 urn line and space, i.e., the fine resist pattern with high reso- 
lution. 

Example 2 

The resist material used in this Example had the following composition: 
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Poly[p-(1-methoxy-1-methoxyethoxy)styrene/p-hydroxystyrene] (polymer of Synthesis Exam- 
ple?) 

p-Tolyl n-butyldisulfone (acid generator of Reference Example 7) 
Diethylene glycol dimethyl ether 



20.0 g 

0.4 g 
80.0 g 



The resist film of 1.0 urn thick obtained in the same manner as described in Example 1 using the above- 
mentioned resist material was imagewisely exposed to electron beams at an accelerating voltage of 50 keV 
and dosage of 0.1 to 300 iiC/cm*, followed by baking at 100°C for 90 seconds. After developing with a con- 
ventional organic alkaline developer for 60 second, a positive-working resist pattern was obtained. 

The sensitivity curve showing a relationship between the normalized remaining film thickness and the 
dose is shown in Fig. 3. From this sensitivity curve, the sensitivity of this resist film is about 0.8 nC/cm*. 

When this resist film was imagewisely exposed to electron beams at an accelerating voltage of 50 KeV 
and dosage of 1 nC/cm* and baked at 100°C for 90 seconds, followed by development for 60 seconds, there 
was obtained a precise, fine positive-working resist pattern. The resulting minimum pattern had a vertical 
shape with 0.2 \xm line and space, i.e. the fine resist pattern with high resolution. 



Example 3 



The process for forming a resist pattern of this Example is explained referring to Figs. 4A to 4D. 

On a semiconductor substrate 41 , an organic high polymer film forming material containing a novolak resin 
as a major component was coated and subjected to heat treatment at 200°C for 20 minutes to form an organic 
underlying film 42 with a film thickness of 2 *im (Fig. 4A). On the underlying film, SOG (spin on glass) was 
coated and heat treated at 200*C to form an intermediate layer 43 with 0.2 ^m thick. Then, the resist material 
of Example 1 was spin coated (4000 rpm, 60 sec.) on the intermediate layer and heat treated at 90°C for 90 
seconds to form an upper resist film 44 with 0.5 thick. The resist film was imagewisely exposed to electron 
beams 45 at an accelerating voltage of 20 KeV and dosage of 1.5 nC/cm* (Fig. 4B). After heat treating the 
substrate at 100°C for 90 seconds, development was conducted in a conventional manner using an organic 
alkaline developer for 60 seconds to obtain an upper resist pattern 44p (Fig. 4C). Then, using the resulting 
resist pattern as a mask, etching of the intermediate layer was conducted. The selection rate of the upper resist 
against the intermediate layer was about 3. Thus, the pattern was precisely transferred to obtain an intermedi- 
ate layer pattern. Further, using the resulting intermediate layer pattern as a mask, etching of the organic un- 
derlying film was conducted to obtain a 0.2 jun vertical fine pattern (Fig. 4D). 

As mentioned above, by using the resist material of the present invention as the upper layer resist in the 
three-layer resist process, fine pattern with high sensitivity and high resolution can be formed stably. 

Example 4 



After forming an organic underlying film and an inorganic intermediate film on a semiconductor substrate 
in the same manner as described in Example 3, the resist material of Example 2 was spin coated (4000 rpm, 
60 seconds) on the intermediate layer and heat treated at 90°C for 90 seconds to form an upper resist film of 
0.5 urn thick. The resist film was imagewisely exposed to electron beams at an accelerating voltage of 20 KeV 
and dosage of 1 .5 nC/cm 2 . After heat treating the substrate at 100°C for 90 seconds, development was con- 
ducted in a conventional manner using an organic alkaline developer for 60 seconds to obtain an upper layer 
resist pattern. Then, using the resulting resist pattern as a mask, etching of the intermediate layer was con- 
ducted. The selection rate of the upper resist against the intermediate layer was about 3. Thus, the pattern 
was precisely transferred to obtain an intermediate layer pattern. Further, using the resulting intermediate layer 
pattern as a mask, etching of the organic underlying film was conducted to obtain a 0.2 *im vertical fine pattern. 

Examples 5 -15 



Resist compositions were prepared according to the respective recipes shown in Table 1. 
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Table 1 



Example 
No. 


Resist composition 


5 


Poly [ p- ( 1-ethoxyethoxy ) styrene/p- 

hydroxystyrene] (Polymer of I 
Synthesis Example 3) 20.0 g j 

p-tolyl benzyl disulfone 

(Acid generator of Reference 
Example 13) 0.4 g 

Diethyleneglycol dimethylether 80.0 g 


6 


Poly [ p- ( 1 -methoxy -me thy le thoxy ) - 
s tyrene/p-hydroxys tyrene ] 

(Polymer of Synthesis Example 7) 20.0 g 

p-Tolyl p-chlorophenyl disulfone 
(Acid generator of Reference 
Example 11) 0.2 g 

Propyleneglycol monomethylether 

acetate 80.0 g 


7 


Poly [ p- ( 1-ethoxyethoxy ) styrene/p- 
tert-butoxystyrene/p- 
hydroxystyrene] (Polymer of 

Synthesis Example 12) 20.0 g 

p-Tolyl isopropyl disulfone 

(Acid generator of Reference 
Example 12) 0.3 g 

Propyleneglycol monoethylether acetate 80.0 g 


8 


Poly [ p- ( 1 -ethoxyethoxy ) s tyrene/p- 
hydroxys tyrene] (Polymer of 
Synthesis Example 11) 15.0 g 

p-Tolyl phenyl disulfone 

(Acid generator of Reference 
Example 5) 0.2 g 

Diethyleneglycol dimethylether 75.0 g 







(to be continued) 
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Table 1 (cont'd) 

5 



10 


9 


Poly [ p- ( 1-n-butoxyethoxy ) styrene/p- 
nyoroxys tyrene ] (Polymer of 
Synthesis Example 8) 

p-Tolyl p-methoxyphenyl disulfone 
(Acid generator of Reference 
Example 14) 


20.0 g 
0.4 g 


15 




Ethyl lactate 


80.0 g 


20 


10 


Poly- [p- ( 1-ethoxyethoxy ) styrene/p- 
hydroxystyrene/f umaronitrile ] 
(Polymer of Synthesis Example 9) 


20.0 g 




p-Tolyi octyl disulfone 

(Acid generator of Reference 
Example 15) 


0.4 g 


25 




Cyclohexanone 


80.0 g 




11 


Poly [p- ( 1-ethoxyethoxy ) styrene/p- 
hydroxystyrene] (Polymer of 
Synthesis Example 11) 


20.0 g 


30 
35 




3-Phenyl-5 ,6,7, 8-tetrahydro-2 , 1- 

benzoxathiin-1 , 1 -dioxide (Acid 
generator of Reference Example 8) 

Diethyleneglycol dimethylether 


0.4 g 
80.0 g 




12 


Poly[ (i-methoxyethoxy) styrene/p- 
nyaroxys tyrene ] (Polymer of 
Synthesis Example 6) 


20.0 g | 


40 




4 , 6-Dimethyl-l , 2-oxathiin-2 , 2- 
dioxide (Acid generator of 
neierence Example 9 ) 

Diethyleneglycol dimethylether 


0.5 g 
80.0 g 


45 


13 


Po ly [ p- ( 1 -e thoxye t hoxy ) s tyrene /p- 
hydroxystyrene] (Polymer of 
Synthesis Example 11) 


20.0 g 


50 


1 


2 , 2-Bis (p-toluenesulf onyl ) propane (Acid 
generator of Reference Example 10) 

Diethyleneglycol dimethylether 


0.4 g 
80.0 g 


55 




(to be continued) 
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Table 1 (cont'd) 



14 


Poly [p- ( 1 -ethoxyethoxy ) styrene/p-hydroxy- 
styrene/tert-butyl methacrylate] 
(Polymer of Synthesis Example 10) 20.0 


a 




p-Tolyl phenyl disulfone (Acid 

generator of Reference Example 5) 


0.2 


g 




Propyleneglycol monomethylether 
acetate 


80.0 


g 


15 


Poly [ p- ( 1 -ethoxyethoxy ) s tyrene/p- 
hydroxystyrene] (Polymer of 
Synthesis Example 5) 


20.0 


g 




p-Tolyl octyl disulfone (Acid 

generator of Reference Example 15) 


0.2 


g 




Propyleneglycol monomethylether 
acetate 


80.0 


g 



Pattern formation was carried out in the same manner as in Example 1 except for using each resist 
position prepared in the above. The results obtained are shown in Table 2. 
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i Profile 
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Resolution 


.2 \im Line and Space 
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.22 iim Line and Space 


,2 jim Line and Space 


2 jim Line and Space 


22 jim Line and Space 
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As is dear from Table 2, in any of Examples 5 to 15, a positive pattern could be formed as in Example 1, 
and the resolution of 0.2 to 0.22 urn line and space could be obtained with good shape, as in Example 1 . 
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Comparative Example 1 

A resist material having the following compposition was prepared: 



Poly(p-tert-butoxycarbonyioxystyrene-p-hydroxystyrene) (Polymer of Reference Example 3) 
Triphenylphosphonium hexafluorophosphate 
Diethylene glycol dimethyl ether 




10 



15 



A resist film of 1 .0 urn thick was obtined using the above-mentioned composition in the same manner as 
described in Example 1 . The resist film was imagewisely exposed to electron beams at an accelerating voltage 
of 50 KeV and dosage of 1 nC/cm* to form a positive-working pattern in the same manner as described in Ex- 
ample 1. The obtained pattern showed undesirable adverse trapezoids as shown in Fig. 5, wherein numeral 
52 denotes the resist pattern and numeral 51 denotes the semiconductor substrate. 

Comparative Example 2 

A resist material having the following composition was prepared: 



20 



25 



50 



Poly(p-tetrahydropyranyloxystyrene-p-hydroxystyrene) (Polymer of Reference Example 1) 
Diphenyliodonium hexafluorophosphate 
Diethylene glycol dimethyl ether 



20.0 g 
0.1 g 
80.0 



A resist film of 1.0 urn thick was obtained using the above-mentioned composition in the same manner as 
described in Example 1 . The resist film was image-wisely exposed to electron beams at an accelerating voltage 
of 30 KeV and dosage of 1 nC/cm* to form a positive-working pattern in the same manner as described in Ex- 
ample 1. The obtained pattern showed undesirable adverse trapezoids as in Comparative Example 1. 
30 As mentioned above, by using the resist material of the present invention as electron beam resists, it is 

possible to form a positive-working resist pattern maintaining high sensitivity, high resolution and stable pattern 
dimension. Further, since the polymer in the resist material has a protective group which can easily be removed 
in the presence of an acid, extremely high sensitivity can be obtained by combining with the special acid gen- 
erators. Thus, the throughput can be increased. In addition, since an alkaline aqueous solution can be used 
35 as a developers no swelling at the time of development takes place, and there are no problems in the envir- 
onments and human bodies. Thus, according to the present invention, fine patterns can be formed easily and 
production of ultra-high density integrated circuits becomes very easy. 

Further, the resist material of the present invention exhibits the best effects when electron beams are ap- 
plied, but can also be used sufficiently when deep UV light such as KrF excimer laser light, etc., and X-rays 
40 are applied. 

Claims 

45 1. A resist material comprising 

(a) a polymer represented by the formula: 
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wherein R* is a hydrogen atom or a methyl group; R 2 and R 3 are independently a hydrogen atom or a 
straight, branched or cyclic alkyl group having 1 to 6 carbon atoms, provided that R 2 and R 3 cannot be 
hydrogen atoms at the same time; or R 2 and R 3 can form together a methylene linkage having 2 to 5 
carbon atoms; R* is a straight, branched or cyclic alkyl group having 1 to 10 carbon atoms, a straight, 
branched or cyclic haloalkyl group having 1 to 6 carbon atoms, or an aralkyl group having 7 to 10 carbon 
atoms; R 5 is a hydrogen atom or a cyano group; R« is a hydrogen atom or a methyl group; R* is a hy- 
drogen atom, a cyano group, -COOY in which Y is a straight, branched or cyclic alkyl group having 1 
to 6 carbon atoms, or a group of the formula: 




[II] 



in which Z is a hydrogen atom, a halogen atom, a straight or branched alkyl group having 1 to 10 carbon 
atoms, or a straight, branched or cyclic alkoxy group having 1 to 10 carbon atoms, or R 4 and R5 can 
form together a group of the formula: -CO-O-CO-; k and t are independently an integer of 1 or more, 
provided that 0.1 ^ k/(k+t) =i 0.9; and m is zero or an integer of 1 or more, provided that when m is an 
integer of 1 or more, 0.05 ^ m/(k+t+m) m 0.50, 

(b) an acid generator which can generate an acid upon exposure to electron beams, and 

(c) a solvent capable of dissolving the components (a) and (b). 

A resist material according to Claim 1, wherein the acid generator (b) is a compound represented by the 
formula: 



O O 




[III] 



wherein R' 2 is a hydrogen atom, a halogen atom, a straight, branched or cyclic alkyl group having 1 to 10 
carbon atoms or a straight, branched or cyclic alkoxy group having 1 to 10 carbon atoms; and R* 3 is a 
straight, branched or cyclic alkyl group having 1 to 8 carbon atoms, a phenyl group, an alkyl-substituted 
phenyl group, a halogen-substituted phenyl group, a benzyl group or an alkoxy-substituted phenyl group. 

A resist material according to Claim 1 , wherein the acid generator (b) is a compound represented by the 
formula: 
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[IV] 



wherein R 22 , R 23 , R 24 and R 25 are independently a hydrogen atom, a halogen atom, a straight, branched 
or cyclic alkyl group having 1 to 10 carbon atoms, a haloalkyl group having 1 to 10 carbon atoms, an al- 
koxyalkyl group having 2 to 1 0 carbon atoms, an aralkyl group having 7 to 1 0 carbon atoms, a phenyl group, 
a substituted phenyl group, in which the substituent being one or more halogen atoms, straight, branched 
or cyclic alkyl groups having 1 to 10 carbon atoms, straight, branched or cyclic alkoxy groups having 1 to 
10 carbon atoms, nitro groups or cyano groups, and R 22 together with R 23 , R 23 together with R 24 , adn R 24 
together with R 25 , can independently form an alicyclic ring, a heteroalicyclic ring, an aromatic ring or a 
heteroaromatic ring. 

A resist material according to Claim 1, wherein the acid generator (b) is a compound represented by the 
formula: 




wherein R 2 * is a hydrogen atm, a halogen atom, a straight, branched or cyclic alkyl group having 1 to 10 
carbon atoms, or a straight, branched or cyclic alkoxy group having 1 to 1 0 carbon atoms; R 27 is a hydrogen 
atom, or an alkyl group having 1 to 3 carbon atoms; R 28 is an alkyl group having 1 to 3 carbon atoms; and 
R 29 is a straight, branched or cyclic alkyl group having 1 to 10 carbon atoms, an aralkyl group having 7 to 
10 carbon atoms, a phenyl group, a substituted phenyl group in which the substituent being one or more 
halogen atoms, straight, branched or cyclic alkyl groups having 1 to 1 0 carbon atoms or straight, branched 
or cyclic alkoxy groups having 1 to 10 carbon atoms. 

A process for forming a fine pattern, which comprises 

(i) a step of coating the resist material of Claim 1 on a semiconductor substrate, followed by heat treat- 
ment for forming a resist film, 

(ii) a step of exposing the resist film to electron beams to image a pattern, followed by heat treatment 
depending on necessity, and 

(iii) a step of developing the resulting resist film with an alkaline aqueous solution to form a positive- 
working pattern. 

A process for forming a fine pattern, which comprises 

(i) a step of coating an organic high polymer solution on a semiconductor substrate, followed by heat 
treatment to form an underlying film, 

(ii) a step of forming an inorganic intermediate film on the underlying film, 

(iii) coating the resist material of Claim 1 on the intermediate film, followed by heat treatment to form 
a resist film, 

(iv) a step of exposing the resist film to electron beams to image a pattern, followed by heat treatment 
depending on necessity, 

(v) a step of developing the resist film with an alkaline aqueous solution to form a positive-working pat- 
tern, 

(vi) a step of masking the resulting resist pattern, followed by etching of the intermediate film, and 

(vii) a step of masking the resulting pattern, followed by etching the underlying film. 
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A process according to Claim 6, wherein the organic high polymer solution is a solution containing a no- 
volak resin as a major component 

A process according to Claim 6, wherein the inorganic intermediate film is a silicon oxide film or a spin- 
on-glass. 

A resist material according to Claim 1, wherein m in the polymer of the formula D] is zero. 
A resist material according to Claim 1 , wherein t he monomer unit of the formula: 




[VII] 



in the polymer of the formula [I] is derived from at least one monomer selected from the group consisting 
p- and m-hydroxystyrene derivatives having a functional group of the formula: 



OR 4 [VI] 



wherein R 2 , R 3 and R 4 are as defined in Claim 1, and p- and m-hydroxy-a-methylstyrene derivatives hav- 
ing a functional group of the formula [VI]. 

A resist material according to Claim 10, wherein the monomer is at least one member selected from the 
group consisting of p- and m-1-methoxy-1-methy1-ethoxystyrene, p- and m-1-benzyfoxy-1-methylethox- 
ystyrene, p- and m-1-ethoxyethoxystyrene, p- and m-1-methoxyethoxystyrene, p- and nrv-1-n-butoxye- 
thoxystyrene, p- and m-1-isobutoxyethoxystyrene, p- and m-1-(1 t 1-dimethy1ethoxy)-1-methylethoxys- 
tyrene, p- and n>1-(1,1-dimethylethoxy)ethoxystyrene, p- and m-1-(2-chloroethoxy)ethoxystyrene, p- 
and m-1-cydohexyloxyethoxy-styrene, p- and m-1-(2-ethylhexytoxy)ethoxystyrene, p-and m-1-ethoxy- 
1-methylethoxystyrene, p- and m-1-n-propoxyethoxyethoxystyrene, p- and m-1-ethoxypropoxystyrene, 
p- and m-1-methoxybutoxystyrene, and p- and m-1-methoxycyclohexyloxystyrene. 
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FIG. 2 
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